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(54) Refrigeration system, and method of updating and operating the same 


(57) A heat source unit (A) in an existing refrigera- 
tion system is replaced with a new heat source unit (A) 
which employs a new refrigerant and is equipped with 
an oil separator (9) and extraneous-matter trap (1 3). An 
indoor unit (B) of the existing refrigeration system may 
be used, in its existing form, or replaced with a new in- 
door unit (B). Further, existing connecting pipes (C,D) 
are reused. After replacement of refrigerant, the refrig- 
eration system performs ordinary operation after having 
performed a cleaning operation. The trap (1 3) is provid- 
ed in a refrigerant pipe close to the heat source unit or 
in a bypass channel (9a) connected to the refrigerant 
pipe close to the heat source unit. Alternatively, only the 
heat source unit of the existing refrigeration system is 
replaced with a new one, and there is employed refrig- 
eration oil which has no mutual solubility with respect to 
HFC or has very low mutual solubility. 
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Description 

Field of the Invention 

[0001] The present invention relates to a method of 5 
replacing and operating a refrigeration system or an air 
conditioning system employing the refrigeration system. 
Further, the present invention relates to a method of re- 
placing a refrigerant in a refrigeration system. 
[0002] More particularly, the present invention relates 10 
to a refrigeration system which employs a refrigeration 
cycle (hereinafter referred to as a "refrigeration system") 
and enables replacement of a heat source unit with a 
new one or replacement of a heat source unit and an 
indoor unit with new ones and which enables replace- is 
ment of a previous-employed refrigerant with a new re- 
frigerant of different type without involvement of replace- 
ment of at least connecting pipes for connecting the heat 
source unit with the indoor unit. The present invention 
further relates lo a method of operating such relrigera- 20 
tion system. 

Background Art 

[0003] FIG. 27 shows a popular standalone-type re- 2s 
frigeration system which has already been used. In FIG. 
27, reference symbol AA designates a heat source unit 
accommodating a compressor 1, a four-way valve 2, a 
heat exchanger 3 at a heat-source-unit side, a first con- 
trol valve 4, a second control valve 7, and an accumu- 30 
lator 8. Reference symbol BB designates an indoor unit 
including a flow rate regulator 5 (or a flow rate control 
valve 5) and a heat exchanger 6 at a user-side. The heat 
source unit AA and the indoor unit BB are remotely sep- 
arated from each other and are interconnected together 35 
by way of a first connecting pipe CC and a second con- 
necting pipe DD, thus constituting a refrigeration system 
(i.e., a system employing the refrigeration cycle). 
[0004] One end of the first connecting pipe CC is con- 
nected to the heat exchanger 3 on the heat-source-unit- 40 
side by way of the first control valve 4, and the other end 
of the first connecting pipe CC is connected to the flow 
rate regulator 5. One end of the second connecting pipe 
DD is connected to the four-way valve 2 by way of the 
second control valve 7, and the other end of the second 45 
connecting pipe DD is connected to the heat exchanger 
6 on the user-side. Further, an oil return hole 8a is 
formed in a lower portion of a U-shaped outlet pipe of 
the accumulator 8. 

[0005] The circulation of a refrigerant within the refrig- so 
eration system will now be described by reference to 
FIG. 27. In the drawing., solid arrows depict the circula- 
tion of the refrigerant during a cooling operation, and 
dotted arrows depict the circulation of the refrigerant 
during a heating operation. 55 
[0006] First will be explained the circulation of a re- 
frigerant during a cooling operation. The refrigerant is 
compressed by the compressor 1 to assume the form 
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of a hot, high-pressure gas; flows via the four-way valve 
2 into the heat-source-unit-side heat exchanger 3, 
where the gaseous refrigerant exchanges heat with a 
heat source medium, such as water or air; and is con- 
densed. The thus-condensed refrigerant flows, via the 
first control valve 4 and the first connecting pipe CC, to 
the flow rate regulator 5, where the refrigerant Is decom- 
pressed to a low-pressure two-phase state. By way of 
the user-side heat exchanger 6, the refrigerant ex- 
changes heat with a user-side medium, such as air, and 
evaporates. The thus-evaporated refrigerant returns to 
the compressor 1 via the second connecting pipe DD, 
the second control valve 7, the four-way valve 2, and 
the accumulators. 

[0007] Next will be explained the circulation of the re- 
frigerant during a heating operation. The refrigerant is 
compressed by the compressor 1 to assume the form 
of a hot, high-pressure gas; and flows via the four-way 
valve 2, the second control valve 7, and the second con- 
necting pipe DD into the user-side heat exchanger 6, 
where the gaseous refrigerant exchanges heat with a 
heat source medium, such as air, and is condensed. The 
thus-condensed refrigerant flows to the flow rate regu- 
lator 5, where the refrigerant is decompressed to as- 
sume a low-pressure two-phase state. By way of the first 
connecting pipe CC, the first control valve 4, and the 
heat-source-unit-side heat exchanger 3, the refrigerant 
exchanges heat with a heat-source-unit-side medium, 
such as air or water, and is vaporized. The thus-vapor- 
ized refrigerant returns to the compressor 1 via the four- 
way valve 2 and the accumulator 8. 
[0008] Chlorofluorocarbon (CFC) or a hydrochlo- 
rofluorocarbon (HCFC) has been used as a refrigerant 
of such a refrigeration system. However, since chlorine 
contained in molecules of a CFC or HCFC depletes the 
ozone layer of the stratosphere, use of CFC has been 
phased out. Moreover, production of HCFCs has been 
subjected to regulation. 

[0009] A refrigeration system using a hydrofluorocar- 
bon (HFC) whose molecules do not contain chlorine has 
already been put into actual use. In a case where a re- 
frigeration system using a CFC or HCFC (hereinafter re- 
ferred to also as a "CFC/HCFC-using refrigeration sys- 
tem) is deteriorated and becomes unusable, the refrig- 
eration system must be replaced with a new refrigera- 
tion system using an HFC (hereinafter referred to also 
as an "HFC-using refrigeration system"), because use 
of CFCs has been phased out and production of HCFCs 
is regulated. 

[0010] The heat source unit AA and the indoor unit BB 
for use with an HFC employ refrigeration oil, an organic 
material, and a heat exchanger which differ in type from 
those employed by the heat source unit AA and the in- 
door unit BB for use with an HCFC. Therefore, the re- 
frigeration oil, the organic material, and the heat ex- 
changer must be replaced with those designed specifi- 
cally for use with an HFC. Further, let us assume that 
the heat source unit AA and the indoor unit BB for use 
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with a CFC or HCFC have deteriorated and hence must 
be replaced with new ones. The heat source unit AA and 
the indoor unit BB can be replaced with new ones with 
comparative ease. 

[0011] In a case where the first connecting pipe CC 5 
and the second connecting pipe DD interconnecting the 
heat source unit AA and the indoor unit BB are lengthy 
and embedded in a structure, such as a pipe shaft or a 
ceiling, difficulty is encountered in replacing the con- 
necting pipes with new pipes. Further, these connecting 10 
pipes are not susceptible to deterioration, and hence if 
the first connecting pipe CC and the second connecting 
pipe DD used in the CFC/HCFC-using refrigeration sys- 
tem are usable, in their present forms, piping work can 
be facilitated. *s 
[001 2] I n the first connecting pipe CC and the second 
connecting pipe DD used in the CFC/HCFC-using re- 
frigeration system, there still remains residual mineral 
oil which has been used as a refrigeration oil for the 
CFC/HCFC-using refrigeration system (hereinafter 20 
called a "CFC/HCFC refrigeration oil), CFC/HCFC, or 
depleted substances). 

[0013] FIG. 28 is a graph showing critical solubility 
curves which represent the solubility of an oil for use 
with an HFC (hereinafter called simply as an "HFC re- 25 
frigeration oil") in an HFC refrigerant when the HFC re- 
frigeration oil is mixed with a mineral oil. The horizontal 
axis of the graph represents amount of oil (wt.%), and 
the vertical axis of the graph represents temperature 

(°C). 30 

[0014] As shown in FIG. 28, if a predetermined 
amount of mineral oil is mixed into an oil for use with a 
refrigeration system using an HFC (hereinafter also 
called an "HFC refrigeration oil") (e.g., a synthetic fluid 
such as an ester oil or an ether oil), the refrigeration oil 35 
loses compatibility with an HFC refrigerant. If a puddle 
of liquid refrigerant is present in the accumulator 8, the 
HFC refrigeration oil is isolated from and suspended in 
the liquid refrigerant. Accordingly, the HFC refrigeration 
oil does not return to the compressor 1 by way of the oil 40 
return hole 8a formed in the lower portion of the accu- 
mulator 8, thus causing a sliding section of the compres- 
sor 1 to seize up. 

[0015] If a mineral oil is mixed into the HFC refriger- 
ation oil, the HFC refrigeration oil becomes deteriorated. 
Alternatively, if a CFC or HCFC is mixed into the HFC 
refrigeration oil, a chlorine component contained in the 
CFC or HCFC deteriorates the HFC refrigeration oil; oth- 
erwise, a chlorine component contained in sludge 
formed from a depleted substance of the CFC/HCFC re- so 
frigeration oil may deteriorate the HFC refrigeration oil. 
[0016] The first connecting pipe CC and the second 
connecting pipe DD are cleansed with a cleaning fluid 
(HCFC 141b or HCFC 225) through use of cleaning 
equipment (this method will hereinafter be called a "first 55 
cleaning method"). 

[0017] Another cleaning method described in Japa- 
nese Patent Laid-Open No. 83545/1995 (hereinafter re- 


ferred to as a "second cleaning method") has already 
been put forward. As shown in FIG 29, the heat source 
unit AA for use with an HFC (hereinafter also called an 
"HFC heat source unit"), the indoor unit BB for usewith 
an HFC (hereinafter also called an "HFC indoor unit"), 
the first connecting pipe CC, and the second connecting 
pipe DD are interconnected without use of the cleaning 
equipment (step 100). After having been charged with 
an HFC refrigerant and an HFC refrigeration oil (step 
101), the refrigeration system is operated for cleaning 
(step 102). Subsequently, the HFC refrigerant and the 
HFC refrigeration oil remaining in the refrigeration sys- 
tem are recovered, and the refrigeration system is 
charged with a new refrigerant and a new refrigeration 
oil (step 103). The refrigeration system is again operat- 
ed for cleaning. These operations are repeated a pre- 
determined number of times (steps 104 and 105). 
[0018] The first conventional cleaning method has en- 
countered the following problems. Specifically, since an 
HCFC which depletes the ozone layer is used as a 
cleaning fluid, the first method is inconsistent with the 
plan to change the refrigerant of the refrigeration system 
from an HCFC to an HFC. Particularly, HCFC 141b has 
an ozone layer depletion factor of 0.11 and poses a big 
problem. 

[0019] A second problem of the first method is that a 
cleaning fluid is not completely safe in terms of flamma- 
bility and toxicity. HCFC 1 41 b is flammable and has low 
toxicity. HCFC 225 is not flammable but has low toxicity. 
[0020] A third problem of the first method is that the 
cleaning fluid has a high boiling point (HCFC 141b has 
a boiling point of 32°C, and HCFC 225 has a boiling 
point of 51.5 to 56.1°C). When the outside air tempera- 
ture is lower than the boiling point, which is likely to be 
the case during the winter, the cleaning fluid remains, in 
a liquid state, in the first connecting pipe CC and the 
second connecting pipe DD after cleaning. Since the 
cleaning fluid is made of an HCFC, the chlorine compo- 
nent contained in the cleaning fluid deteriorates the HFC 
refrigeration oil. 

[0021] A fourth problem of the first method is a neces- 
sity for recovering the total amount of cleaning fluid so 
as to prevent environmental destruction. If the refriger- 
ation system is cleansed again through use of high-tem- 
perature nitrogen gas so as to prevent occurrence of the 
third problem., the cleansing operation requires expend- 
iture of much effort. 

[0022] The second conventional cleaning method has 
encountered the following problems. The embodiment 
described in Japanese Patent Laid-Open No. 
83545/1995 requires three-time cleaning operation us- 
ing the HFC refrigerant. Further, the HFC refrigerant 
used in the cleaning operation contains impurities, and 
hence the recovered HFC refrigerant cannot be reused 
in its present form. The cleaning operation requires HFC 
refrigerant in an amount of three times that usually used 
for charging a refrigeration system, and hence the sec- 
ond method imposes problems in relation to cost and 
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the environment. 

[0023] A second problem of the second method is that 
the refrigeration oil is replaced with new refrigeration oil 
after cleaning operation of the refrigeration system, 
which requires a refrigeration oil in an amount of three s 
times that usually used for charging a refrigeration sys- 
tem, thus imposing problems in relation to cost and the 
environment. The HFC refrigeration oil is an ester oil or 
an ether oil and possesses a high hydroscopic property, 
and hence control of moisture content of a refrigeration 10 
oil for replacement purpose is also required. Further the 
refrigeration oil is charged by a human worker who 
cleans the refrigeration system, and there may arise a 
shortage or excess in the amount of refrigeration oil to 
be charged, which in turn induces a problem in subse- 1$ 
quent operation of the refrigeration system (in the event 
of the refrigeration system having been excessively 
charged with a refrigeration oil, there may arise destruc- 
tion of a compression section and overheating of a mo- 
tor, whereas in the event of the refrigeration system hav- 20 
ing been insufficiently charged with a refrigeration oil, a 
lubrication failure may arise). 

[0024] The present invention has been conceived to 
solve these problems of the conventional methods and 
is aimed at providing a method of constructing a refrig- 25 
eration system which enables replacement of an exist- 
ing refrigeration system using an environmentally-haz- 
ardous refrigerant with a refrigeration system using an 
environmentally-friendly refrigerant, a method of replac- 
ing a refrigerant, and a method of operating the refrig- 30 
eration system for cleaning purposes. 

Summary of the Invention 

[0025] According to one aspect of the present inven- 35 
tion, a method of operating a refrigeration system is pro- 
vided in which an old refrigerant used in a refrigerant 
circuit is replaced with a new refrigerant. The refrigerant 
circuit comprises a compressor, a heat-source-unit-side 
heat exchanger, a user-side heat exchanger, a first con- 40 
necting pipe interconnecting one end of the heat- 
source-unit-side heat exchanger and one end of the us- 
er-side heat exchanger, a second connecting pipe inter- 
connecting the other end of the user-side heat exchang- 
er and the compressor, and an extraneous-matter trap- 
ping apparatus for trapping extraneous matter con- 
tained in the refrigerant inserted in the refrigerant circuit 
upstream of the compressor. In the refrigeration system, 
after the old refrigerant is replaced, the new refrigerant 
is caused to flow while the compressor is taken as a so 
drive source, thereby cleaning the refrigerant circuit. 
[0026] According to another aspect of the present in- 
vention, a method is provided for replacing an old refrig- 
eration system to a new refrigeration system. The old 
refrigeration system uses first refrigerant and comprises 55 
a first heat source unit including at least a compressor 
and a heat-source-unit-side heat exchanger, an indoor 
unit including at least a user-side heat exchanger and a 
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flow rate regulator, and first and second connecting 
pipes interconnecting the first heat source unit and the 
indoor unit, to thereby constitute a refrigerant circuit. 
Wherein, the new refrigeration system is constituted by 
means of replacing at least the first heat source unit with 
a second heat source unit. The second heat source unit 
uses second refrigerant and comprises a heat source 
unit refrigerant circuit including at least a heat source 
refrigerant and a heat-source-unit-side heat exchanger, 
an oil separation apparatus which is inserted in the heat 
source unit refrigerant circuit, which separates refriger- 
ation oil from the refrigerant of the heat source unit re- 
frigerant circuit, and which returns the refrigeration oil 
to the compressor, and extraneous-matter trapping 
means for separating and trapping extraneous matter 
from the refrigeration oil separated by the oil separation 
apparatus. Further, the first refrigerant is replaced with 
the second refrigerant. 

[0027] According to another aspect of the present in- 
vention, a refrigeration system comprises at least a 
compressor, a heat-source-unit-side heat exchanger, a 
user-side diaphragm, a user-side heat exchanger, an 
accumulator, a first connecting pipe for interconnecting 
the heat-source-unit-side-unit heat exchanger and the 
user-side diaphragm, and a second connecting pipe for 
interconnecting the user-side heat exchanger and the 
compressor. Wherein, at least the compressor and the 
heat-source-unit-side heat exchanger are replaced with 
a new compressor and a new heat-source-unit-side 
heat exchanger which use HFC refrigerant. A refrigerant 
circuit is constituted by use of at least the first and sec- 
ond connecting pipes, as well as by use of the user-side 
heat exchanger and the user-side diaphragm. A refrig- 
erant used in the refrigeration system is replaced with 
HFC refrigerant. Further, a refrigeration oil is used which 
has no mutual solubility with respect to HFC refrigerant 
or has very low mutual solubility. 
[0028] Other and further objects, features and advan- 
tages of the invention will appear more fully from the fol- 
lowing description. 

Brief Description of the Drawings 

[0029] 

FIG. 1 is a schematic diagram showing a refrigerant 
circuit of a refrigeration system, as an example re- 
frigeration system according to a first embodiment 
of the present invention; 

FIG. 2 is a graph showing chronological deteriora- 
tion of an HFC refrigeration oil (at a temperature of 
175°C) when mixed with chlorine; 
FIG. 3 is a cross-sectional view showing an exam- 
ple extraneous-matter trapping means of the 
present invention; 

FIGS. 4A and 4B are graphs showing a solubility 
curve relating to the solubility of a CFC in a mineral 
oil and a solubility curve relating to the solubility of 
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an HCFC in a mineral oil; 

FIG. 5 is a cross-sectional view showing the struc- 
ture of an oil separator of the present invention; 
FIG. 6 is a graph showing the relationship between 
the flow rate of a gaseous refrigerant in the oil sep- 
arator and the efficiency of separation of the gase- 
ous refrigerant from the refrigeration oil; 
FIG. 7 is a graph showing one example relationship 
between the mass velocity of a refrigerant circulat- 
ing through a refrigerant pipe and the amount of 
mineral oil remaining in the refrigerant pipe; 
FIG. 8 is a schematic diagram showing a refrigerant 
circuit of a refrigeration system, as an example re- 
frigeration system according to a second embodi- 
ment of the present invention; 
FIG. 9 is a cross-sectional view BB showing another 
example extraneous-matter trapping means of the 
present invention; 

FIG. 10 is a schematic diagram showing a refriger- 
ant circuit of a refrigeration system, as an example 
refrigeration system according to a third embodi- 
ment of the present invention; 
FIG. 11 is a schematic diagram showing an ordinary 
cooling operation of the refrigeration system of the 
third embodiment; 

FIG. 12 is a schematic diagram showing a refriger- 
ant circuit of a refrigeration system, as an example 
refrigeration system according to a fourth embodi- 
ment of the present invention; 
FIG. 1 3 is a schematic diagram showing an ordinary 
cooling operation of the refrigeration system of the 
fourth embodiment: 

FIG. 14 is a schematic diagram showing an exam- 
ple refrigerant circuit of a refrigeration system ac- 
cording to a fifth embodiment of the present inven- 
tion; 

FIG. 15 is a schematic diagram showing another ex- 
ample of the refrigerant circuit of the refrigeration 
system according to the fifth embodiment; 
FIG. 1 6 is a schematic diagram showing still anoth- 
er example of the refrigerant circuit of the refriger- 
ation system according to the fifth embodiment; 
FIG. 1 7 is a schematic diagram showing yet another 
example of the refrigerant circuit of the refrigeration 
system according to the fifth embodiment; 
FIG. 18 is a schematic diagram showing an exam- 
ple refrigerant circuit of a refrigeration system ac- 
cording to a sixth embodiment of the present inven- 
tion; 

FIG. 1 9 is a cross-sectional view showing an exam- 
ple additive injection device of the present inven- 
tion; 

FIG. 20 is a schematic diagram showing a refriger- 
ant circuit of a refrigeration system according to a 
seventh embodiment of the present invention; 
FIG. 21 is a schematic diagram showing a refriger- 
ant circuit of a refrigeration system according to an 
eighth embodiment of the present invention; 


FIG. 22 is a schematic diagram showing a refriger- 
ant circuit of an air conditioner, as an example re- 
frigeration system according to a ninth embodiment 
of the present invention; 
5 FIG. 23 is a graph showing the solubility of an alkyl- 
benzene oil in R407C liquid refrigerant; 
FIG. 24 is a graph showing the dryness of an accu- 
mulator and the critical flux ratio of the alkylbenzene 
oil; 

to FIG. 25 is a schematic diagram showing a refriger- 
ant circuit of an air conditioner, as an example re- 
frigeration system according to a tenth embodiment 
of the present invention; 

FIG. 26 is a schematic diagram showing a refriger- 
15 ant circuit of an air conditioner, as an example re- 
frigeration system according to an eleventh embod- 
iment of the present invention; 
FIG. 27 is a schematic diagram showing a refriger- 
ant circuit of a conventional separate-type refriger- 
20 ation system; 

FIG. 28 is a graph showing critical solubility curves 
which represent the solubility of an oil for use with 
an HFC-using refrigerator into an HFC refrigerant 
when the HFC refrigeration oil is mixed with a min- 
25 eral oil; and 

FIG. 29 is a flowchart for describing a method of 
cleaning a conventional refrigeration system. 

Preferred Embodiments 

30 

[0030] Preferred embodiments of the present inven- 
tion will be described hereinbelow by reference to the 
accompanying drawings. Throughout the drawings, like 
reference numerals designate like or corresponding el- 
35 ements, and repetition of their explanations is omitted 
for brevity or simplified. 

First Embodiment 

40 [0031] FIG. 1 is a schematic diagram showing a re- 
frigerant circuit of a refrigeration system which effects 
heat exchange by means of a refrigerant, as an example 
refrigeration system according to a first embodiment of 
the present invention. 

45 [0032] In FIG. 1, reference symbol AA designates a 
heat source unit accommodating a compressor 1, a 
four-way valve 2, a heat exchanger 3 on a heat -source- 
unit-side , a first control valve 4, a second control valve 
7, an accumulator 8, an oil separator 9 (corresponding 

50 to oil separation means), and extraneous-matter trap- 
ping means 13. 

[0033] The oil separator 9 is provided in an outlet pipe 
of the compressor 1 and separates a refrigeration oil 
which is discharged from the compressor 1 together with 
55 a refrigerant. The extraneous- matter trapping means 1 3 
is interposed between the four-way valve 2 and the ac- 
cumulator 8. Reference numeral 9a designates a by- 
pass channel extending from the bottom of the oil sep- 
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arator 9 to a downstream position relative to the exit of 
the extraneous-matter trapping means 13. An oil return 
hole 8a is formed in a lower portion of a U-shaped outlet 
pipe of the accumulator 8. 

[0034] Reference symbol BB designates an indoor 
unit equipped with a flow rate regulator 5 and a user- 
side heat exchanger 6. 

[0035] Reference symbol CC designates a first con- 
necting pipe whose one end is connected to a heat ex- 
changer 3 on a heat-source-unit-side via a first control 
valve 4 and whose other end is connected to the flow 
rate regulator 5. 

[0036] Reference symbol DD designates a second 
connecting pipe whose one end is connected to the four- 
way valve 4 via the second control valve 7 and whose 
other end is connected to the user-side heat exchanger 
6. 

[0037] A heat source unit AA and an indoor unit BB 
are remotely separated from each other and intercon- 
nected via the first connecting pipe CC and the second 
connecting pipe DD, thus constituting a refrigeration 
system (i.e., a system employing the refrigeration cy- 
cle). 

[0038] The refrigeration system uses an HFC (here- 
inafter also called a "new refrigerant", as required). 
[0039] Next will be described procedures for replacing 
a deteriorated refrigeration system using a CFC or 
HCFC (hereinafter called as an "old refrigerant", as re- 
quired) with a refrigeration system using an HFC. A CFC 
or HCFC is recovered from the existing refrigeration sys- 
tem, and the heat source unit AA and the indoor unit BB 
are replaced with a new heat source unit AA and a new 
indoor unit BB using an HFC as shown in FIG. 1. The 
first connecting pipe CC and the second connecting pipe 
DD used for the HCFC-using refrigeration system are 
reused, thus constituting the refrigerant circuit shown in 
FIG. 1 . 

[0040] Since the heat source unit AA has been filed 
with an HFC in advance, the refrigeration system is 
evacuated while the first control valve 4 and the second 
control valve 7 remain closed and while the new indoor 
unit BB, the first connecting pipe CC, and the second 
connecting pipe DD are connected to the refrigeration 
system. Subsequently, the first control valve 4 and the 
second control valve 7 are opened, and the refrigeration 
system is additionally charged with an HFC. Thereafter, 
the refrigeration system performs an ordinary cooling 
and cleaning operation. 

[0041] The ordinary cooling and cleaning operation 
will now be described by reference to FIG. 1. Solid ar- 
rows in the drawing depict the flow of a refrigerant during 
a cooling operation of the refrigeration system, and bro- 
ken arrows depict the flow of a refrigerant during a heat- 
ing operation. 

[0042] First will be described the flow of a refrigerant 
during a cooling operation. The refrigerant is com- 
pressed by the compressor 1 to become a hot, high-tem- 
perature gas; is discharged from the compressor 1 to- 


gether with an HFC refrigeration oil; and enters the oil 
separator 9. 

[0043] In the oil separator 9, the HFC refrigeration oil 
is completely separated from the gaseous refrigerant. 
5 and only the gaseous refrigerant flows, via the four-way 
valve 2, into the heat-source-unit-side heat exchanger 
3, where the gaseous refrigerant exchanges heat with 
a heat source medium, such as water or air, and is con- 
densed. The thus-condensed refrigerant flows into the 

10 first connecting pipe CC via the first control valve 4. 
[0044] During the course of the liquid HFC refrigerant 
flowing through the first connecting pipe CC, a CFC, an 
HCFC, a mineral oil, or a deteriorated mineral oil (here- 
inafter referred to as "residual extraneous matter") re- 

75 maining in the first connecting pipe CC is cleaned little 
by little. The thus-cleared residual extraneous matter 
flows into the flow rate regulator 5 together with the liquid 
HFC refrigerant. In the flow rate regulator 5, the liquid 
HFC refrigerant is decompressed to a low pressure and 

20 into a low-pressure two-phase slate. The refrigerant 
then exchanges heat with a user-side medium, such as 
air, in the user-side heat exchanger 6 and evaporates. 
[0045] The thus-evaporated refrigerant flows into the 
second connecting pipe DD together with the residual 

2S extraneous matter exfoliated from the first connecting 
pipe CC. Since the refrigerant flowing through the sec- 
ond connecting pipe DD is in a gaseous state, a portion 
of residual extraneous matter adhering to the interior 
surface of the second connecting pipe DD flows in the 

30 gaseous refrigerant in the form of a mist. The majority 
of the liquid residual extraneous matter flows at a speed 
slower than the flow rate of the gaseous refrigerant, thus 
inducing generation of a shearing force in the boundary 
plane between gas and liquid. By means of the shearing 

35 force, the liquid residual extraneous matter annularly 
flows along the interior surface of the second connecting 
pipe DD while being drawn by the gaseous refrigerant. 
Although cleaning of the second connecting pipe DD re- 
quires cleaning time longer than that required for clean- 

40 ing the first connecting pipe CC, the second connecting 
pipe DD is cleaned thoroughly. 
[0046] Subsequently, the gaseous refrigerant flows 
into the extraneous-matter trapping means 1 3 via the 
second control valve 7 and the four-way valve 2, togeth- 

45 er with the residual extraneous matter removed from the 
first connecting pipe CC and that removed from the sec- 
ond connecting pipe DD. According to boiling point, the 
components of the residual extraneous matter differ in 
phase from each other and can be classified into three 

50 phases: i.e., solid extraneous matter, liquid extraneous 
matter, and gaseous extraneous matter. 
[0047] The extraneous-matter trapping means 13 
completely separates solid extraneous matter and liquid 
extraneous matter from the gaseous refrigerant, thus 

ss trapping the thus-separated extraneous matter. Some 
of the gaseous extraneous matter is trapped by the ex- 
traneous-matter trapping means 13, but some of the 
same escapes. The gaseous refrigerant returns to the 
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compressor 1 via the accumulator 8 along with the gas- 
eous extraneous matter which has escaped the extra- 
neous-matter trapping means 13. 
[0048] The refrigerant circuit used for a cooling oper- 
ation; specifically, the refrigerant circuit which extends s 
from and returns to the compressor 1 via the flow rate 
regulator 5, the user-side heat exchanger 6, and the ac- 
cumulator 8, in the sequence given, is taken herein as 
a first refrigerant circuit. 

[0049] The HFC refrigeration oil which has been com- to 
pletely separated from the gaseous refrigerant by the oil 
separator 9 merges with the principal stream of HFC re- 
frigeration oil at a downstream position relative to the 
extraneous-matter trapping means 13, via the bypass 
channel 9a. The thus-merged flow of HFC refrigeration is 
oil returns to the compressor 1 . Thus, the HFC refriger- 
ation oil is prevented from being mixed with the mineral 
oil remaining on the first and second connecting pipes 
CC and DD and is prevented from being incompatible 
wilh an HFC. Further, Ihere can be prevented deterio- 20 
ration of the HFC refrigeration oil, which would other- 
wise be caused by mixing with a mineral oil. 
[0050] Further, the solid extraneous matter does not 
mix with the HFC refrigeration oil, thus preventing dete- 
rioration of the HFC refrigeration oil. During a single cir- 25 
culation of the HFC refrigerant through the refrigerant 
circuit and through the extraneous-matter trapping 
means 13, only a portion of the gaseous extraneous 
matter is trapped. The gaseous extraneous matter is 
mixed with the HFC refrigeration oil. However, deterio- 30 
ration in the HFC refrigeration oil is attributable to chem- 
ical reaction and does not proceed abruptly. 
[0051] FIG. 2 shows an example of deterioration in the 
HFC refrigeration oil. A graph shown in FIG. 2 repre- 
sents chronological deterioration of the HFC refrigera- 35 
tion oil (at a temperature of 175°C) when chlorine is 
mixed in the HFC refrigeration oil. The horizontal axis of 
the graph represents time (hr), and the vertical axis of 
the same represents total acid number (mgKOH/g). 
[0052] The gaseous extraneous matter which has not 40 
been trapped during the single passage of the gaseous 
refrigerant through the extraneous-matter trapping 
means 13 passes through the extraneous-matter trap- 
ping means 13 again and again, along with circulation 
of the HFC refrigerant. Hence, the only requirement is 45 
that the gaseous matter is trapped by the extraneous- 
matter trapping means 1 3 faster than the rate at which 
the HFC refrigeration oil deteriorates. 
[0053] Next will be described the flow of a refrigerant 
during a heating operation of the refrigeration system, so 
The refrigerant is compressed by the compressor 1 to 
become a hot, high-pressure gas; is discharged from the 
compressor 1 together with an HFC refrigeration oil; and 
enters the oil separator 9, where the HFC refrigeration 
oil is completely separated from the gaseous refrigerant. 55 
Only the gaseous refrigerant flows into the second con- 
necting pipe DD via the four-way valve 2 and the second 
control valve 7. 
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[0054] Since the refrigerant flowing through the sec- 
ond connecting pipe DD is in a gaseous state, a portion 
of residual extraneous matter adhering to the interior 
surface of the second connecting pipe DD flows in- the 
gaseous refrigerant in the form of a mist. The majority 
of the liquid residual extraneous matter flows at a speed 
slower than the flow rate of the gaseous refrigerant, thus 
inducing generation of a shearing force in the boundary 
plane between gas and liquid. By means of the shearing 
force, the liquid residual extraneous matter annularly 
flows along the interior surface of the second connecting 
pipe DD while being drawn by the gaseous refrigerant. 
Although cleaning of the second connecting pipe DD re- 
quires cleaning time longer than that required for clean- 
ing the first connecting pipe CC during the cooling op- 
eration, the second connecting pipe DD is cleaned thor- 
oughly. 

[0055] Subsequently, the gaseous refrigerant flows, 
together with the residual extraneous matter removed 
from the second connecting pipe DD, into the user-side 
heat exchanger 6, where the gaseous refrigerant ex- 
changes heat with a heat source medium, such as air, 
and is condensed and liquefied. The thus-condensed- 
and-liquefied refrigerant flows to the flow rate regulator 
5, where the refrigerant is decompressed to a low-pres- 
sure two-phase state. The gaseous refrigerant then 
flows into the first connecting pipe CC. Since the gase- 
ous refrigerant is in a gas-liquid two-phase state and 
flows at high speed. The gaseous refrigerant cleans the 
extraneous matter remaining in the first connecting pipe 
CC together with the liquid refrigerant at a speed faster 
than that achieved during a cooling operation. 
[0056] The refrigerant in the gas-liquid two-phase 
state flows, together with the residual extraneous mat- 
ters removed from the second connecting pipe DD and 
the first connecting pipe CC, into the heat-source-unit- 
side heat exchanger 3, via the first control valve 4. In 
the heat-source-unit-side heat exchanger 3 : the refrig- 
erant exchanges heat with a heat source medium, such 
as water or air, and is evaporated. The thus-evaporated 
refrigerant flows into the extraneous-matter trapping 
means 1 3 via the four-way valve 2. 
[0057] According to a boiling point, the components 
of the residual extraneous matter differ in phase from 
each other and can be classified into three phases: i.e., 
solid extraneous matter, liquid extraneous matter, and 
gaseous extraneous matter. The extraneous-matter 
trapping means 1 3 completely separates solid extrane- 
ous matter and liquid extraneous matter from the gase- 
ous refrigerant, thus trapping the thus-separated extra- 
neous matter. Some of gaseous extraneous matter is 
trapped by the extraneous-matter trapping means 13, 
but some of the same escapes. 
[0058] The gaseous refrigerant returns to the com- 
pressor 1 via the accumulator 8 along with the gaseous 
extraneous matter which has escaped the extraneous- 
matter trapping means 13. 

[0059] The refrigerant circuit used for a heating oper- 
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ation; specifically, the refrigerant circuit which extends 
from and returns to the compressor 1 via the user-side 
heat exchanger 6, the flow rate regulator 5, the heat- 
source-unit-side heat exchanger 3, and the accumulator 
8, in the sequence given, is herein taken as a second 
refrigerant circuit. 

[0060] The HFC refrigeration oil which has been com- 
pletely separated from the gaseous refrigerant by the oil 
separator 9 merges with the principal stream of HFC re- 
frigeration oil at a downstream position relative to the 
extraneous-matter trapping means 1 3, via the bypass 
channel 9a. The thus-merged flow of HFC refrigeration 
oil returns to the compressor 1 . Thus, the HFC refriger- 
ation oil is prevented from being mixed with the mineral 
oil remaining on the first and second connecting pipes 
CC and DD and is prevented from being incompatible 
with HFCs. Further, there can be prevented deteriora- 
tion of the HFC refrigeration oil, which would otherwise 
be caused by mixing with a mineral oil. 
[0061] Further, the solid extraneous matter does not 
mix with the HFC refrigeration oil, thus preventing dete- 
rioration of the HFC refrigeration oil. 
[0062] During a single circulation of the HFC refriger- 
ant through the refrigerant circuit and through the extra- 
neous-matter trapping means 13, only a portion of the 
gaseous extraneous matter is trapped. The gaseous ex- 
traneous matter is mixed with the HFC refrigeration oil. 
However, deterioration in the HFC refrigeration oil is at- 
tributable to chemical reaction and does not proceed 
abruptly. FIG. 2 shows an example of deterioration in 
the HFC refrigeration oil. The gaseous extraneous mat- 
ter which has not been trapped during the single pas- 
sage of the gaseous refrigerant through the extraneous- 
matter trapping means 13 passes through the extrane- 
ous-matter trapping means 13 again and again, along 
with circulation of the HFC refrigerant. Hence, the only 
requirement is that the gaseous matter be trapped by 
the extraneous-matter trapping means 13 faster than 
the rate at which the HFC refrigeration oil deteriorates. 
[0063] Next will be described an example of the ex- 
traneous-matter trapping means 1 3. FIG. 3 illustrates an 
example cross-sectional structure of the extraneous- 
matter trapping means 13. Reference numeral 51 des- 
ignates a cylindrical container; 52 designates an outlet 
pipe provided on top of the container 51 ; 53 designates 
a funnel-shaped filter provided along an upper interior 
surface of the container 51 ; 54 designates a mineral oil 
charged in the container 51 beforehand; 55 designates 
an inlet pipe provided in a lower side surface of the con- 
tainer 51 ; and 55a designates a plurality of outlet holes 
formed in the side surface of a portion of the inlet pipe 
55 located within the container 51 . 
[0064] The filter 53 corresponds to a net formed from 
fine line; specifically, the filter is formed from sintered 
metal so as to have a mesh measuring from several mi- 
crons to tens of microns. Therefore, a piece of extrane- 
ous matter larger than the size of the mesh cannot pass 
through the filter 53. Even mist-like liquid extraneous 
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matter which may be present in trace amount in an up- 
per space of the container 51 is trapped by the filter 53, 
and the thus-trapped extraneous matter falls flows lat- 
erally along the filter 53 under the influence of gravity 
5 and falls to a lower portion of the container 51. Refer- 
ence numeral 56 designates an ion-exchange resin for 
trapping chlorine ions. 

[0065] The outlet pipe 52 is connected to the accumu- 
lator 8 shown in FIG 1 via the ion-exchange resin 56, 
io and the inlet pipe 55 is connected to the four-way valve 

2. 

[0066] The gaseous refrigerant which has flowed into 
the container 51 from the inlet pipe 55 passes through 
the mineral oil 54 in the form of air bubbles, via the outlet 
is holes 55a, and flows out the container 51 from the outlet 
pipe 52 by way of the filter 53 and the ion-exchange resin 
56. 

[0067] The extraneous matter which has flowed into 
the container 51 from the inlet pipe 55 together with the 
gaseous refrigerant flows into the mineral oil 54 from the 
outlet holes 55a. Since the flow rate of the refrigerant 
(gaseous) drops, and individual pieces of extraneous 
matter are separated from the refrigerant (gaseous) and 
precipitate on the bottom of the container 51 . 
[0068] Even if the container 51 does not contain the 
mineral oil 54, the cross section of the container 51 is 
larger than that of the inlet pipe 55. Upon entrance into 
the container 51. the refrigerant (gaseous) is subjected 
to a drop in flow rate, and individual pieces of extraneous 
matter are separated from the refrigerant (gaseous) un- 
der the influence of gravity. The thus-separated pieces 
of extraneous matter precipitate in a lower portion of the 
container 51. 

[0069] Even if the flow rate of the gaseous refrigerant 
in the mineral oil 54 is high and the pieces of extraneous 
matter spring up to an upper portion of the mineral oil 
54, the filter 53 traps the pieces of extraneous matter. 
[0070] The liquid extraneous matter which has flowed 
into the container 51 from the inlet pipe 55 together with 
the gaseous refrigerant flow into the mineral oil 54 from 
the outlet holes 55a. The speed of the liquid extraneous 
matter drops under the resistance of the mineral oil 54, 
thereby separating the liquid extraneous matter from the 
gaseous refrigerant. The thus-separated liquid extrane- 
ous matter stays with the mineral oil 54. 
[0071] Even if the container 51 does not contain the 
mineral oil 54, the cross section of the container 51 is 
larger than that of the inlet pipe 55. Upon entrance into 
the container 51, the flow rate of the refrigerant (gase- 
ous) drops, and the liquid extraneous matter is separat- 
ed from the refrigerant (gaseous) under the influence of 
gravity. The thus-separated liquid extraneous matter 
stays in a lower portion of the container 51 . 
[0072] Even if the flow rate of the gaseous refrigerant 
in the mineral oil 54 is high and the liquid becomes tur- 
bulent to thereby change the mineral oil 54 into a mist 
and cause the mist to move with the flow of the gaseous 
refrigerant, the mist is trapped by the filter 53. As men- 
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tioned above, ihe thus-trapped mist flows laterally within 
the container 51 and falls into a lower portion of the con- 
tainer 51 . 

[0073] Gaseous extraneous matter which has flowed 
into the container 51 from the outlet holes 55a of the s 
inlet pipe 55 together with the gaseous refrigerant pass- 
es through the mineral oil 54 in the form of air bubbles 
and flows out from the outlet pipe 52 via the filter 53 and 
the ion-exchange resin 56. The principal component of 
the gaseous extraneous matter is a CFC or HCFC and 
is soluble in the mineral oil 54. 
[0074] FIG. 4A and 4B show example solution of an 
extraneous matter in a mineral oil; specifically, FIG. 4A 
is a solubility curve showing the solubility of an HCFC 
in a mineral oil, and FIG. 4B is a solubility curve showing 
the solubility of a CFC in a mineral oil. In the drawings, 
the horizontal axis represents temperature (°C), and the 
longitudinal axis represents the pressure of the CFC or 
HCFC (kg/cm 2 ). In the solubility curve, the concentra- 
tion of the CFC or HCFC (wl.%) is taken as a parameter. 
[0075] The gaseous extraneous matter which has 
flowed into the container 51 from the outlet holes 55a of 
the inlet pipe 55 together with the gaseous refrigerant 
changes into bubbles. As a result, contact between the 
gaseous extraneous matter and the mineral oil 54 is in- 
creased, so that the CFC or HCFC is dissolved into the 
mineral oil 54 more thoroughly. Since the HFC is not dis- 
solved in the mineral oil 54 ; all the HFC components are 
discharged from the outlet pipe 52. As mentioned 
above, solid extraneous matter and liquid extraneous 
matter are completely separated from the gaseous re- 
frigerant within the container 51 , and the thus-separated 
extraneous matter is trapped. Further, the majority of the 
CFC or HCFC which constitutes the principal compo- 
nent of the gaseous extraneous matter is dissolved into 
the mineral oil 54 while passing through the ion-ex- 
change resin 56 several times. Thus, the CFC or HCFC 
is also trapped. 

[0076] Chlorine components contained in the residual 
extraneous matter other than CFC or HCFC are dis- 
solved into a trace amount of water existing in the re- 
frigerant circuit and are present in the form of chlorine 
ions. Therefore, the chlorine ions are trapped during the 
course of gaseous refrigerant passing through the ion- 
exchange resin 56 several times. 
[0077] Next will be described the oil separator 9. An 
example high-performance oil separator is described in 
Japanese Utility Model Publication No. 19721/1993. 
FIG. 5 is a cross-sectional view showing the interior 
structure of the oil separator. Reference numeral 71 
designates a hermetic container having a cylindrical 
body consisting of an upper shell 71a and a lower shell 
71b; and 72 designates an entrance pipe whose leading 
end is provided with a net-like member 73. The entrance 
pipe 72 is attached to the hermetic container 71 in such 
a way as to pass through substantially the center of the 
upper shell 71a and protrude to the inside of the con- 
tainer 71. Refrigerant is introduced into the hermetic 
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container 71 via the entrance pipe 72. Reference nu- 
meral 78 designates a circular uniform-velocity plate 
which is provided in an elevated position relative to the 
net-like member 73 and is formed from punching metal 
having a plurality of pores; 79 designates an upper 
space which is defined in an upper portion above the 
uniform-velocity plate 78 and serves as a refrigerant out- 
let space; 74 designates a refrigerant exit pipe whose 
leading end is located within the refrigerant outlet space; 
and 77 designates an oil drainage pipe. 
[0078] An oil separator achieving a separation effi- 
ciency of 100% can be embodied by tandem connection 
of a plurality of such high-performance oil separators. 
[0079] FIG. 6 shows the results of a test relating to 
the flow rate of gaseous refrigerant in the oil separator 
having the structure shown in FIG. 5 and the separation 
efficiency of the oil separator. In the drawing, the hori- 
zontal axis represents mean flow rate (m/s) of gaseous 
refrigerant within a container, and the vertical axis rep- 
resents the separation efficiency (%) of the oil separator. 
[0080] The internal diameter of the first oil separator 
of the tandem oil sepa rator is set such that the maximum 
flow rate of gaseous refrigerant assumes a value of 0. 1 3 
m/s or less. The refrigerator oil discharged from the 
compressor 1 usually assumes an oil-to-refrigerant flow 
ratio of 1 .5 wt% or less. The refrigerator oil assumes an 
oil-to-refrigerant flow ratio of 0.05 wt% or less at the 
outlet side of the first oil separator. 
[0081 ] At this ratio, the flow regime of a gas-liquid two- 
phase flow consisting of gaseous refrigerant and a re- 
frigerator oil is a mist flow. The internal diameter of the 
second oil separator is set to be equal to or greater than 
that of the first oil separator. Further, the mesh of the 
net-like member 73 attached to the entrance pipe 72 is 
made very fine, thus enabling complete separation of 
the refrigerator oil from the gaseous refrigerant. As men- 
tioned above, an oil separator achieving an isolation ef- 
ficiency of 100% can be embodied by dimensional ad- 
justment of an existing oil separator or by combination 
of a plurality of existing oil separators. The oil separator 
9 shown in FIG. 1 corresponds to an oil separator em- 
bodied in such a way. 

[0082] The entrance pipe 72 of the first oil separator 
of tandem-connected oil separators is connected to an 
outlet pipe of the compressor 1 shown in FIG 1 , and the 
exit pipe 74 of the final oil separator is connected to an 
intermediate point between the pipe connecting the out- 
let of the extraneous-matter trapping means 1 3 and the 
inlet of the accumulator 8. 

[0083] As mentioned above, the oil separator 9 and 
the extraneous- matter trapping means 13 are incorpo- 
rated into the heat source unit AA. Accordingly, a dete- 
riorated CFC/HCFC-using refrigeration system can be 
replaced with a new HFC-using refrigeration system 
without replacement of the first connecting pipe CC and 
the second connecting pipe DD : by means of replacing 
only the heat source unit AA and the indoor unit BB with 
new ones. In contrast with the conventional first cleaning 
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method, the existing pipe reuse method of the present 
invention eliminates a necessity of cleaning the refrig- 
eration system with a specifically-designed cleaning sol- 
vent (HCFC 141 b or HCFC 225) through use of cleaning 
equipment. Therefore, the method completely elimi- 
nates the possibility of depletion of the ozone layer, the 
use of a flammable and toxic substance, a fear of a re- 
sidual cleaning solvent, and a necessity for recovery of 
a cleaning solvent. 

[0084] In contrast with the conventional second clean- 
ing method, the method of the present invention elimi- 
nates a necessity of operating the refrigeration system 
three times repeatedly for cleaning, as well as a neces- 
sity of replacing an HFC refrigerant and HFC refrigerator 
oil with new refrigerant and oil three times. The method 
of the present invention involves use of only the amount 
of HFC refrigerant and HFC refrigerator oil required for 
one refrigeration system, thus yielding an advantage in 
terms of cost and environmental cleanliness. Further, 
the method completely eliminates a necessity of man- 
aging refrigeration oil for replacement purpose and the 
chance of excess or shortage of the refrigeration oil. Fur- 
ther, there is no chance of the HFC refrigerator oil being 
incompatible with the HFC refrigerant or being deterio- 
rated. 

[0085] The previous embodiment has described the 
method of replacing the heat source unit AA and the in- 
door unit BB with new ones. However, the present in- 
vention also enables replacement of only the heat 
source unit AA with a new one without involvement of 
replacement of the first connecting pipe CC, the indoor 
unit BB, and the second connecting pipe DD. 
[0086] Further, the previous embodiment described 
an example in which one indoor unit BB is connected to 
the refrigeration system. Needless to say, the present 
invention yields the same advantage as that yielded in 
the embodiment even when applied to a refrigeration 
system comprising a plurality of indoor units BB con- 
nected in series or parallel. 

[0087] As is obvious, the same advantage is yielded 
even when a thermal storage ice bath or a thermal stor- 
age water bath (including hot water) is connected in par- 
allel or series with the heat-source-unit-side heat ex- 
changer 3. 

[0088] The same advantage as that yielded by the 
previous embodiment is not limited to the refrigeration 
unit; the same advantage as in the previously-described 
embodiment is yielded so long as a thermo-compres- 
sion refrigeration application comprises a unit incorpo- 
rating a heat-source-unit-side heat exchanger and an- 
other unit incorporating a user-side heat exchanger, the 
units being remotely spaced away from each other. 
[0089] The configuration of the refrigeration system of 
the first embodiment can be summarized as follows: 
[0090] The refrigeration system comprises the first re- 
frigerant circuit for circulating a refrigerant from and to 
the compressor via the heat-source-unit-side heat ex- 
changer, the flow-rate controller, the user-side heat ex- 
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changer, and the accumulator, in the sequence given. 
Further, the refrigeration system comprises the second 
refrigerant circuit for circulating a refrigerant from and 
to the compressor via the user-side heat exchanger, the 
5 flow-rate controller, the heat-source-unit-side heat ex- 
changer, and the accumulator, in the sequence given. 
[0091] Extraneous-matter trapping means for trap- 
ping extraneous matter contained in the refrigerant is 
interposed between the user-side heat exchanger and 
10 the accumulator of the first refrigerant circuit, as well as 
between the heat-source-unit-side heat exchanger and 
the accumulator of the second refrigerant circuit. 
[0092] Further, oil separation means for separating an 
oil component from a refrigerant is interposed between 
*5 the compressor and the heat-source-unit-side heat ex- 
changer of the first refrigerant circuit, as well as between 
the compressor and the user-side heat exchanger of the 
second refrigerant circuit. 

[0093] Next will be described methods of controlling 
20 the cleaning operation of the refrigeration system of the 
first embodiment after replacement of a refrigerant. 

(1) First Control Method 

25 [0094] According to a first method of controlling the 
cleaning operation of the refrigeration system of the first 
embodiment, the heat source unit AA and the indoor unit 
BB of the refrigerant circuit (i.e., the refrigeration sys- 
tem) which use a CFC or HCFC (i.e., an old refrigerant) 

30 are replaced with a heat source unit AA and an indoor 
unit BB which use an HFC (i.e., a new refrigerant). De- 
pending on the situation, the indoor unit BB may not be 
replaced. After having been additionally recharged, the 
refrigeration system performs a cooling operation in 

35 step A of a cleaning operation procedure. 

[0095] As indicated by solid arrows shown in FIG. 1, 
in step A the refrigerant flows from the compressor 1 to 
the first connecting pipe CC via the heat-source-unit- 
side heat exchanger 3, to the second connecting pipe 

40 DD via the flow-rate controller 4 and the user-side heat 
exchanger 6, and to the compressor 1 via the extrane- 
ous-matter trapping means 13 and the accumulator 8, 
thus cleaning the refrigeration system. 
[0096] In the CFC/HCFC-using refrigeration system 

45 whose refrigerant has not yet been replaced, the first 
connecting pipe CC is in a liquid-refrigerant single- 
phase state or a gas-liquid two-phase state even during 
the heating or cooling operation of the refrigeration sys- 
tem. The mineral oil is not much dispersed in the first 

50 connecting pipe CC. 

[0097] In contrast, the refrigerant contained in the 
second connecting pipe DD is in a gaseous single- 
phase state even during the cooling or heating operation 
of the refrigeration system, and the mineral oil flows over 

55 the interior wall surface of the second connecting pipe 
DD in the form of a liquid film while being drawn by the 
flow of gaseous refrigerant. Accordingly, a large mount 
of mineral oil is dispersed over the interior surface of the 
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second connecting pipe DD. As mentioned above, at the 
beginning of the cleaning operation, the refrigeration 
system is operated such that the refrigerant flows from 
the first connecting pipe CC to the second connecting 
pipe DD, thereby enabling the extraneous-trapping s 
means 1 3 to recover the mineral oil without a flow of the 
mineral oil, which is widely dispersing over the interior 
surface of the second connecting pipe DD, into the first 
connecting pipe CC. 

[0098] Consequently, cleaning time can be short- 10 
ened, and the amount of mineral oil remaining in the first 
and second connecting pipes CC and DD can be dimin- 
ished. 

(2) Second Control Method 1$ 

[0099] According to a second method of controlling 
the cleaning operation of the refrigeration system of the 
first embodiment, the heat source unit AA and the indoor 
unit BB of the refrigerant circuit (i.e., the refrigeration 20 
system) which use a CFC or HCFC are replaced with a 
heat source unit AA and an indoor unit BB which use an 
HFC. After having been additionally recharged, the re- 
frigeration system performs a heating operation in step 
B of a cleaning operation procedure. 25 
[0100] As indicated by broken arrows shown in FIG. 
1 , in step B the refrigerant flows from the compressor 1 
to the second connecting pipe DD, to the first connecting 
pipe CC via the user-side heat exchanger 6 and the flow- 
rate controller 4, and to the compressor 1 via the heat- 30 
source-unit-side heat exchanger 3, the extraneous-mat- 
ter trapping means 13, and the accumulator 8, thus 
cleaning the refrigeration system. 
[0101] In step B, the refrigeration system is cleaned 
by causing a refrigerant to flow in the sequence given 35 
from the second connecting pipe DD to the first connect- 
ing pipe CC. 

[0102] In the refrigeration system of the first embodi- 
ment shown in FIG. 1 , the inner diameter of the first con- 
necting pipe CC is usually larger than that of the second *o 
connecting pipe DD. The reason for this is that the mag- 
nitude of friction loss arising in the second connecting 
pipe DD during a cooling operation is related to an evap- 
oration temperature and greatly affects cooling capabil- 
ity. Therefore, the inner diameter of the second connect- 45 
ing pipe DD is made as large as possible. In contrast, 
the friction loss arising in the first connecting pipe CC 
does not directly affect an evaporation temperature or 
condensation temperature. Since the refrigerant flowing 
through the first connecting pipe CC is in a liquid single- so 
phase state or a gas-liquid two-phase state, the inner 
diameter of the first connecting pipe CC is made as 
small as possible, in order to prevent an increase in the 
amount of refrigerant to be recharged. 
[0103] It can also be said that in step B the first and 55 
second connecting pipes CC and DD are cleaned such 
that a refrigerant is caused to flow in the sequence given 
from a large-diameter pipe to a small-diameter pipe. 
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[0104] FIG. 7 shows the amount of residual mineral 
oil in a case where R407C, which is one type of HFC 
refrigerant, is used for cleaning the mineral oil remaining 
in the pipe while in a liquid or a gas-liquid two-phase 
state. In FIG. 7, the horizontal axis represents the mass 
velocity of a refrigerant (kg/s ■ cm 2 ), and the vertical axis 
represents the amount of mineral oil remaining in the 
pipe (mg/m). As can be seen from FIG. 7, the higher the 
mass velocity of the refrigerant, the stronger the clean- 
ing effect, thus achieving a very strong cleaning effect. 
The inner diameter of the second connecting pipe DD 
is large, and the mass velocity of the refrigerant is small. 
In these points, the cleaning effect is weak. However, 
the second connecting pipe DD is located upstream of 
the first connecting pipe CC with respect to the flow di- 
rection of the refrigerant. Further, the refrigerant has a 
high temperature, thereby increasing the solubility of the 
refrigerant in the mineral oil. This in turn makes the vis- 
cosity of the mineral oil high, thus improving the cleaning 
effect. 

(3) Third Control Method 

[0105] According to a third method of controlling the 
cleaning operation of the refrigeration system of the first 
embodiment, the heat source unit AA and the indoor unit 
BB of the refrigerant circuit (i.e., the refrigeration sys- 
tem) which use a CFC or HCFC are replaced with a heat 
source unit AA and an indoor unit BB which use an HFC. 
After having been additionally recharged t the refrigera- 
tion system performs a cleaning operation in the se- 
quence given from the cooling operation in step A to the 
heating operation in step B of the cleaning operation 
procedure. 

[0106] As a result of the cleaning operation being per- 
formed in the sequence given from step A to step B, the 
extraneous-matter trapping means 1 3 recovers the min- 
eral oil, by avoiding a flow of the mineral oil, which is 
widely dispersing over the interior surface of the second 
connecting pipe DD, into the first connecting pipe CC. 
Subsequently, the refrigeration system is subjected to 
cleaning which has a stronger effect in terms of mass 
velocity and solubility. Consequently, there can be 
achieved a stronger cleaning effect and a shorter clean- 
ing time. 

(4) Fourth Control Method 

[0107] According to a fourth method of controlling the 
cleaning operation of the refrigeration system of the first 
embodiment, the heat source unit AA and the indoor unit 
BB of the refrigerant circuit (i.e., the refrigeration sys- 
tem) which use a CFC or HCFC are replaced with a heat 
source unit AA and an indoor unit BB which use an HFC. 
After having been additionally recharged, an operating 
capacity of the refrigeration system for a cleaning oper- 
ation is controlled according to the inner diameters of 
the first and second connecting pipes CC and DD which 
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are objects of cleaning. Further, the mass velocity of the 
refrigerant flowing through the first and second connect- 
ing pipes CC and DD currently being cleaned is set to 
be greater than a predetermined value or to fall within a 
certain range, thereby ensuring a strong cleaning effect. 
By way of an example, a preferred predetermined mass 
velocity of the refrigerant is 150 kg/s • cm 2 or more. This 
applies to step A and step B. 

[0108] As described above, FIG. 7 shows an example 
relationship between the mass velocity of a refrigerant 
and the amount of mineral oil remaining in a pipe, show- 
ing that the higher the mass velocity of the refrigerant in 
the pipe, the stronger the cleaning effect. 

Second Embodiment 

[0109] FIG. 8 is a schematic diagram showing a re- 
frigerant circuit of a refrigeration system which effects 
heat exchange by means of a refrigerant, as an example 
refrigeration system according lo a second embodiment 
of the present invention. 

[0110] In FIG. 8, reference symbol AA designates a 
heat source unit accommodating a compressor 1, a 
four-way valve 2, heat exchangers 3a and 3b on heat- 
source-unit-side, a first control valve 4, a second control 
valve 7, an accumulator 8, an oil separator 9 (corre- 
sponding to oil separation means), and extraneous-mat- 
ter trapping means 13. 

[0111] The oil separator 9 is interposed between an 
outlet pipe 21 of the compressor 1 and an inlet pipe 22 
of the four-way valve 2 for separating a refrigeration oil 
discharged from the compressor 1 together with a re- 
frigerant and for discharging the thus-separated refrig- 
eration oil to a refrigeration oil return pipe 23. The return 
pipe 23 is connected to a branch line 25 at a junction 

24, and the branch line 25 is connected, by way of a 
junction 27, to a pipe 26 connecting the four-way valve 
2 with the accumulator 8. The return pipe 23 and the 
branch line 25 constitute a bypass extending from the 
bottom of the oil separator 9 to the pipe 26 connected 
to the accumulator 8. 

[0112] The extraneous-matter trapping means 13 is 
connected to a branch line 28 originating from the junc- 
tion 24 between the return pipe 23 and the branch line 

25. An exit pipe 29 of the extraneous-matter trapping 
means 13 is brought into contact with the outlet pipe 21 
of the compressor 1 in a contact section 29a. The exit 
pipe 29 is then connected to the pipe 26 extending from 
the four- way valve 2 to the accumulator 8, by way of a 
junction 30. 

[0113] The second heat exchanger 3b on the heat- 
source-unit-side is connected to the pipe 22 connected 
to the exit of the oil separator 9, by way of a branch line 
31. An outlet pipe 32 of the second heat-source-unit- 
side heat exchanger 3b is connected to the branch line 
28 extending from the oil separator 9 to the extraneous- 
matter trapping means 1 3, by way of a junction 33. The 
refrigeration oil which has been separated by the oil sep- 


arator 9 and passed through the return pipe 23 and the 
branch line 28 merges with the refrigerant which has 
flowed from the oil separator 9 and passed through the 
second heat -source-unit-side heat exchanger 3b, and 
5 the thus-merged flow enters the extraneous-matter trap- 
ping means 13. 

[0114] The branch line 28 — which is branched at the 
junction 24 from the refrigeration oil return pipe 23 of the 
oil separator 9 and is connected to the extraneous-mat - 

io ter trapping means 1 3 — is made wider than the branch 
line 25 connected to the accumulator 8 by way of the 
junction 24. The refrigeration oil separated by the oil 
separator 9 readily flows into the branch line 28 until a 
large amount of extraneous matter is trapped by the ex- 

15 traneous-matter trapping means 13. An oil return hole 
8a is formed in a lower portion ol a U-shaped outlet pipe 
of the accumulator 8. 

[0115] Each of the branch lines 25, 28, and 31 may 
be provided with a flow rate control valve, as required. 

20 [0116] Reference symbol BB designates an indoor 
unit equipped with a flow rate regulator 5 (or a flow rate 
control valve 5) and a heat exchanger 6 on a user-side. 
[0117] Reference symbol CC designates a first con- 
necting pipe whose one end is connected to a heat ex- 

zs changer 3 on a heat-source-unit-sidc via a first control 
valve 4 and whose other end is connected to the flow 
rate regulator 5. 

[0118] Reference symbol DD designates a second 
connecting pipe whose one end is connected to the four- 
30 way valve 4 via the second control valve 7 and whose 
other end is connected to the user-side heat exchanger 

6. 

[0119] The heat source unit AAand the indoor unit BB 
are remotely separated from each other and intercon- 
35 nected via the first connecting pipe CC and the second 
connecting pipe DD, thus constituting a refrigeration 
system (i.e., a system employing the refrigeration cy- 
cle). 

[0120] The refrigeration system uses an HFC (here- 
to inafter also called a "new refrigerant", as required). 
[01 21] Next will be described procedures for replacing 
a deteriorated refrigeration system using a CFC or 
HCFC (hereinafter called as an "old refrigerant", as re- 
quired) with a refrigeration system using an HFC. A CFC 
45 or HCFC is recovered from the existing refrigeration sys- 
tem, and the heat source unit AA is replaced with a new 
heat source unit AA using an HFC as shown in FIG. 8. 
The first connecting pipe CC, the indoor unit BB and the 
second connecting pipe DD used for the HCFC-using 
50 refrigeration system are reused, thus constituting the re- 
frigerant circuit shown in FIG. 8. 
[0122] Since the new heat source unit AA has been 
filed with an HFC in advance, the refrigeration system 
is evacuated while the first control valve 4 and the sec- 
55 ond control valve 7 remain closed and while the indoor 
unit BB, the first connecting pipe CC ; and the second 
connecting pipe DD are connected to the refrigeration 
system. Subsequently, the first control vajve 4 and the 
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second control valve 7 are opened, and the refrigeration 
system is additionally charged with an HFC. Thereafter, 
the refrigeration system performs an ordinary cooling 
and cleaning operation. 

[0123] The ordinary cooling and cleaning operation 
will now be described by reference to FIG. 8. Solid ar- 
rows in the drawing depict the flow of a refrigerant during 
a cooling operation of the refrigeration system, and bro- 
ken arrows depict the flow of a refrigerant during a heat- 
ing operation. 

[01 24] First will be described the flow of a refrigerant 
during a cooling operation. The refrigerant is com- 
pressed by the compressor 1 to become a hot, high-tem- 
perature gas; is discharged from the compressor 1 to- 
gether with an HFC refrigeration oil; and enters the oil 
separator 9. 

[0125] The gaseous refrigerant which has been sep- 
arated from the HFC refrigeration oil by the oil separator 
9 flows, via the four-way valve 2, into the heat-source- 
unil-side heal exchanger 3a, where the gaseous refrig- 
erant exchanges heat with a heat source medium, such 
as air or water, and is condensed. At this time, some of 
the gaseous refrigerant, which has exited from the oil 
separator 9, is diverted to the second heat-source-unit- 
side heat exchanger 3b, where the gaseous refrigerant 
similarly exchanges heat with a heat source material, 
such as air or water, and is condensed. 
[0126] The HFC refrigeration oil is completely sepa- 
rated from the HFC refrigerant in the oil separator 9, and 
the thus-separated hot refrigeration oil flows from the 
bottom of the oil separator 9 to the refrigerator return 
pipe 23. The hot refrigeration oil discharged from the oil 
separator 9 flows through the branch line 28 and merges 
with the refrigerant which has been condensed by the 
heat-source-unit -side heat exchanger 3b. The refriger- 
ation oil and the refrigerant flow into the extraneous- 
matter trapping means 1 3, where the refrigeration oil is 
separated and trapped. The refrigerant, which has 
flowed from the extraneous-matter trapping means 13, 
exchanges heat with the discharge pipe 21 at the con- 
tact section 29a of the pipe 29, whereupon the refriger- 
ant is evaporated. The thus-evaporated refrigerant 
merges with the principal stream of refrigerant in the 
pipe 26, thus flowing into the accumulator 8. 
[01 27] As mentioned above, a predetermined amount 
of liquid refrigerant is poured from the heat-source-unit- 
side heat exchanger 3b into the refrigeration oil having 
residual extraneous matter dissolved therein, thereby 
increasing the temperature of the refrigerant in the re- 
frigeration oil. In the extraneous-matter trapping means 
13, extraneous matter precipitates at a liquid boundary 
plane between the refrigeration oil and the liquid refrig- 
erant. A specific example of the extraneous-matter trap- 
ping means 13 will be described later. The thus-precip- 
itated extraneous matter migrates toward the wall sur- 
face of the extraneous-matter trapping means 13 by 
means of turbulent diffusion and adheres to and is 
trapped by the filter. Similarly, extraneous matter, which 


24 

is not dissolved in the refrigeration oil, is also trapped 
by the extraneous-matter trapping means 13. 
[01 28] The refrigerant, which has been condensed by 
the heat-source-unit-side heat exchanger 3a, flows- into 
5 the first connecting pipe CC via the first control valve 4. 
[0129] During the course of the liquid HFC refrigerant 
flowing through the first connecting pipe CC, a CFC, an 
HCFC, a mineral oil, or a deteriorated mineral oil (here- 
inafter referred to as a "residual extraneous matter") re- 
maining in the first connecting pipe CC is cleaned little 
by little. The thus-cleared residua! extraneous matter 
flows into the flow rate regulator 5 together with the liquid 
HFC refrigerant. In the flow rate regulator 5, the liquid 
HFC refrigerant is decompressed to a low pressure and 
into a low-pressure two-phase state. The thus-decom- 
pressed liquid HFC refrigerant flows into the user-side 
heat exchanger 6 together with the residual extraneous 
matter removed from the first connecting pipe CC. As in 
the case of the first connecting pipe CC, the extraneous 
matter remaining in the user-side heal exchanger 6 is 
cleaned little by little, and the refrigerant exchanges heat 
with a user medium, such as air, and is evaporated and 
gasified. 

[01 30] The thus-evaporated refrigerant flows into the 
second connecting pipe DD together with the residual 
extraneous matter exfoliated from the first connecting 
pipe CC and the indoor unit BB. Since the refrigerant 
flowing through the second connecting pipe DD is in a 
gaseous state, a portion of residual extraneous matter 
adhering to the interior surface of the second connecting 
pipe DD flows in the gaseous refrigerant in the form of 
a mist. The majority of the liquid residual extraneous 
matter flows at a speed slower than the flow rate of the 
gaseous refrigerant, thus inducing generation of a 
shearing force in the boundary plane between gas and 
liquid. By means of the shearing force, the liquid residual 
extraneous matter annularly flows along the interior sur- 
face of the second connecting pipe DD while being 
drawn by the gaseous refrigerant. Although cleaning of 
the second connecting pipe DD requires cleaning time 
longer than that required for cleaning the first connecting 
pipe CC, the second connecting pipe DD is cleaned 
thoroughly. 

[0131] Subsequently, the gaseous refrigerant returns 
to the compressor 1 together with the residual extrane- 
ous matter removed from the first connecting pipe CC, 
that removed from the user-side heat exchanger 6, and 
that removed from the second connecting pipe DD, via 
the second control valve 7, the four-way valve 2, and 
the accumulators. 

[01 32] The refrigerant circuit used for a cooling oper- 
ation; specifically, the refrigerant circuit which extends 
from and returns to the compressor 1 via the heat- 
source-unit-side heat exchanger 3, the flow rate regula- 
tor 5, the user-side heat exchanger 6, and the accumu- 
lator 8, in the sequence given, is herein taken as a first 
refrigerant circuit. 

[0133] The HFC refrigeration oil, which has been 
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completely separated from the gaseous refrigerant by 
the oil separator 9, flows to the pipe 29 via the refriger- 
ation oil return pipe 23, the branch line 28, and the ex- 
traneous-matter trapping means 13. The principal 
stream of HFC refrigeration oil containing the residual 
extraneous matter removed from the first connecting 
pipe CC, that removed from the user-side heat exchang- 
er 6, and that removed from the second connection pipe 
D merges with the flow of the HFC refrigeration oil at the 
junction 30 between the pipe 26 and the pipe 29. The 
thus-merged flow of HFC refrigeration oil returns to the 
compressor 1. The HFC refrigeration oil is mixed with 
the residual extraneous matter. However, deterioration 
in the HFC refrigeration oil is attributable to chemical 
reaction and does not proceed abruptly. 
[01 34] FIG. 2 shows an example of deterioration in the 
HFC refrigeration oil. A graph shown in FIG. 2 repre- 
sents chronological deterioration of the HFC refrigera- 
tion oil (at a temperature of 175°C) when chlorine is 
mixed in the HFC refrigeration oil. The horizontal axis of 
the graph represents time (hr), and the vertical axis of 
the same represents total acid number (mgKOH/g). 
[01 35] The gaseous extraneous matter which has not 
been trapped during the single passage of the gaseous 
refrigerant through the extraneous-matter trapping 
means 13 passes through the extraneous-matter trap- 
ping means 13 again and again, along with circulation 
of the HFC refrigerant. Hence, the only requirement is 
that the gaseous matter is trapped by the extraneous- 
matter trapping means 13 faster than the rate at which 
the HFC refrigeration oil deteriorates. 
[01 36] The pressure exerted on the entrance portion 
of the extraneous-matter trapping means 1 3 and that ex- 
erted on the exit portion of the same is measured. If a 
difference between thus-measured pressure values is 
greater than a predetermined value, it is determined that 
a large amount of residual extraneous matter has been 
trapped; specifically, that the refrigeration oil of the heat 
source unit has deteriorated. Thus, the pressure differ- 
ential between the entrance and exit portions of the ex- 
traneous-matter trapping means 1 3 serves as an index 
for replacing the refrigeration oil or the extraneous-mat- 
ter trapping means 13. 

[01 37] Next will be described the flow of a refrigerant 
during a heating operation of the refrigeration system. 
A refrigerant is compressed by the compressor 1 so as 
to become a hot, high-pressure gas; is discharged from 
the compressor 1 together with an HFC refrigeration oil; 
and enters the oil separator 9, where the HFC refriger- 
ation oil is completely separated from the gaseous re- 
frigerant. Only the gaseous refrigerant flows into the 
four-way valve 2. 

[0138] At this time, some of the gaseous refrigerant 
which has exited the oil separator 9 is diverted to the 
second heat-source-unit-side heat exchanger 3b, 
where the gaseous refrigerant exchanges heat with a 
heat source material, such as air or water, and is con- 
densed. 


[01 39] The hot HFC refrigeration oil separated by the 
oil separator 9 flows from the bottom of the oil separator 
9 to the refrigeration oil return pipe 23. The hot refriger- 
ation oil, which has flowed from the oil separator 9, flows 
5 into the branch line 28 and merges with the refrigerant 
which has been condensed by the heat-source-unit-side 
heat exchanger 3b. The refrigerant and the refrigeration 
oil flow into the extraneous-matter trapping means 13. 
[0140] As mentioned above, a predetermined amount 

10 of liquid refrigerant is poured from the heat-source-unit- 
side heat exchanger 3b into the refrigeration oil having 
residual extraneous matter dissolved therein, thereby 
increasing the temperature of the refrigerant in the re- 
frigeration oil. In the extraneous-matter trapping means 
13, extraneous matter precipitates at a liquid boundary 
plane between the refrigeration oil and the liquid refrig- 
erant. A specific example of the extraneous-matter trap- 
ping means 13 will be described later. The thus-precip- 
itated extraneous matter migrates toward the wall sur- 

20 face of the extraneous-matter trapping means 13 by 
means of turbulent diffusion and adheres to and is 
trapped by the filter. Similarly, extraneous matter, which 
is not dissolved in the refrigeration oil, is also trapped 
by the extraneous-matter trapping means 1 3. 

25 [0141] The refrigerant, which has flowed into the four- 
way valve 2, flows into the second connecting pipe DD 
via the second control valve 7. 

[0142] Since the refrigerant flowing through the sec- 
ond connecting pipe DD is in a gaseous state, some of 

^0 the residual extraneous matter adhering to the interior 
surface of the second connecting pipe DD flows in the 
gaseous refrigerant in the form of a mist. The majority 
of the liquid residual extraneous matter flows at a speed 
slower than the flow rate of the gaseous refrigerant, thus 

35 inducing generation of a shearing force in the boundary 
plane between gas and liquid. By means of the shearing 
force, the liquid residual extraneous matter annularly 
flows along the interior surface of the second connecting 
pipe DD while being drawn by the gaseous refrigerant. 

40 Although cleaning of the second connecting pipe DD re- 
quires cleaning time longer than that required for clean- 
ing the first connecting pipe CC or the user-side heat 
exchanger 6 during a cooling operation, the second con- 
necting pipe DD is cleaned thoroughly. 

45 [0143] Subsequently, the gaseous refrigerant flows, 
together with the residual extraneous matter removed 
from the second connecting pipe DD, into the user-side 
heat exchanger 6. As in the case of the second connect- 
ing pipe DD, the extraneous matter remaining in the us- 

50 er-side heat exchanger 6 is cleaned little by little, and 
the refrigerant exchanges heat with a user medium, 
such as air, and is condensed. The thus-condensed re- 
frigerant flows to the flow rate regulator 5, where the re- 
frigerant is decompressed to a low-pressure two-phase 

55 state. The gaseous refrigerant then flows into the first 
connecting pipe CC. Since the gaseous refrigerant is in 
a gas-liquid two-phase state and flows at high speed, 
the gaseous refrigerant cleans the extraneous matter 
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remaining in the first connecting pipe CC together with 
the liquid refrigerant at a speed faster than that at which 
the first connecting pipe CC and the user-side heat ex- 
changer 6 are cleaned during a cooling operation. 
[0144] The refrigerant in the gas-liquid two-phase 
state flows, together with the residual extraneous matter 
removed from the second connecting pipe DD, that re- 
moved from the user-side heat exchanger 6, and that 
removed from the first connecting pipe CC, into the first 
heat-source-unit-side heat exchanger 3a, via the first 
control valve 4. In the first heat-source-unit-side heat ex- 
changer 3a, the refrigerant exchanges heat with a heat 
source medium, such as water or air. and is evaporated. 
The thus-evaporated refrigerant returns to the compres- 
sor 1 via the four-way valve 2 and the accumulators. 
[01 45] The refrigerant circuit used for a heating oper- 
ation; specifically, the refrigerant circuit which extends 
from and returns to the compressor 1 via the user-side 
heat exchanger 6, the flow rate regulator 5, the heat- 
source-unil-side heal exchanger 3a, and the accumula- 
tor 8, in the sequence given, is taken herein as a second 
refrigerant circuit. 

[0146] The HFC refrigeration oil, which has been 
completely separated from the gaseous refrigerant by 
the oil separator 9, flows to the pipe 29 via the refriger- 
ation oil return pipe 23, the branch line 28, and the ex- 
traneous-matter trapping means 13. The principal 
stream of HFC refrigeration oil containing the residual 
extraneous matter removed from the second connection 
pipe DD, that removed from the user-side heat exchang- 
er 6, and that removed from the first connecting pipe CC 
merges with the flow of the HFC refrigeration oil at the 
junction 30 between the pipe 26 and the pipe 29. The 
thus-merged flow of HFC refrigeration oil returns to the 
compressor 1. The HFC refrigeration oil is mixed with 
the residual extraneous matter. However, deterioration 
in the HFC refrigeration oil is attributable to chemical 
reaction and does not proceed abruptly. 
[01 47] The residual extraneous matter, which has not 
been trapped during the single passage of the gaseous 
refrigerant through the extraneous-matter trapping 
means 13, passes through the extraneous-matter trap- 
ping means 1 3 again and again, along with circulation 
of the HFC refrigerant. Hence, the only requirement is 
that the residual extraneous matter be trapped by the 
extraneous-matter trapping means 13 faster than the 
rate at which the HFC refrigeration oil deteriorates. Fur- 
ther, the pressure exerted on the entrance portion of the 
extraneous-matter trapping means 13 and that exerted 
on the exit portion of the same is measured. If a differ- 
ence between thus-measured pressure values is great- 
er than a predetermined value, it is determined that a 
large amount of residual extraneous matter has been 
trapped; specifically, that the refrigeration oil of the heat 
source unit has deteriorated. Thus, the pressure differ- 
ential between the entrance and exit portions of the ex- 
traneous-matter trapping means 13 serves as an index 
for replacing the refrigeration oil or the extraneous-mat- 


ter trapping means 13. 

[0148] Next will be described an example of the ex- 
traneous-matter trapping means 13. FIG. 9 illustrates an 
example cross-sectional structure of the extraneous- 
5 matter trapping means 1 3 Reference numeral 51 b des- 
ignates a cylindrical container; 55b designates an inlet 
pipe which is provided in an upper portion of the con- 
tainer 51 b s guides an inflow into a filter, and has minute 
holes formed in the side surface thereof; 55c designates 
a minute hole formed in the side surface of the inlet pipe 
55b; 53b designates a cylindrically-formed filter provid- 
ed inside the container 51b; 54b designates a joint for 
interconnecting the filter 53b and the inlet pipe 55b; and 
52b designates an outlet pipe provided in a lower portion 
of the side surface of the container 51b. 
[01 49] The filter 53b corresponds to a net formed from 
fine line; specifically, the filter is formed from sintered 
metal so as to have a mesh measuring from several mi- 
crons to tens of microns. Therefore, a piece of extrane- 
ous mailer larger than the size of the mesh cannot pass 
through the filter 53b. 

[0150] The inlet pipe 55b is connected to a down- 
stream portion of the branch line 28 in FIG. 8 with re- 
spect to a junction between the branch line 28 and the 
pipe 32, and the outlet pipe 52b is connected to the pipe 
29. 

[0151] The gaseous refrigerant containing the resid- 
ual extraneous matter dissolved in the refrigeration oil, 
which has flowed into the container 51b from the inlet 
pipe 55b, passes through the fine holes 55c formed in 
the inlet pipe 55b. The residual extraneous matter is 
brought into contact with the filter 53b, thereby acceler- 
ating adhesion of the extraneous matter to the filter 53b. 
Thus, the extraneous matter precipitates on and trapped 
by the side and lower surfaces of the filter 53b. The re- 
frigerant flows out from the outlet pipe 52b. Since CFC 
or HCFC of the residual extraneous matter is also dis- 
solved in the mineral oil, CFC or HCFC can be trapped 
by the filter 53a. 

[0152] FIGS. 4A and 4B show an example solution of 
extraneous matter in a mineral oil; specifically, wherein 
FIG. 4A is a solubility curve showing the solubility of 
HCFC in a mineral oil, and FIG. 4B is a solubility curve 
showing the solubility of CFC in a mineral oil. In the 
drawings, the horizontal axis represents temperature 
(°C), and the vertical axis represents the pressure of 
CFC or HCFC (kg/cm 2 ). The solubility curve is depicted 
while the concentration of CFC or HCFC (wt.%) is taken 
as a parameter. 

[0153] As mentioned above, the residual extraneous 
matter is completely separated from the refrigeration oil 
and trapped within the container 51 b. Further, the ma- 
jority of CFC or HCFC is dissolved into the mineral oil 
54 while passing through the container 51a several 
times. 

[01 54] Chlorine components, contained in the residu- 
al extraneous matter other than CFC or HCFC, are com- 
bined with iron ions or copper ions in the refrigerant cir- 
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cult. Therefore, these chlorine components are trapped 
when passing through the filter 53b 
[01 55] The oil separator 9 has already been described 
by reference to FIGS. 5 and 6. The present embodiment 
employs an oil separator similar to the oil separator 9. s 
[01 56] The in let pipe 72 of the first oil separator of tan- 
dem-connected oil separators is connected to the outlet 
pipe 21 of the compressor 1 in FIG. 8, and the outlet 
pipe 74 of the final oil separator is connected to the inlet 
pipe 22 of the four-way valve 2. 10 
[0157] As mentioned above, the oil separator 9 and 
the extraneous-matter trapping means 13 are incorpo- 
rated into the heat source unit AA. Accordingly, a dete- 
riorated refrigeration system using old refrigerant CFC 
or HCFC can be replaced with a refrigeration system is 
using new refrigerant (HFC) without replacement ot the 
indoor unit BB, the first connecting pipe CC, and the sec- 
ond connecting pipe DD, by means of replacing only the 
heat source unit A A with a new one. In contrast with the 
convenlional first cleaning method, the existing pipe re- 20 
use method of the present invention eliminates a neces- 
sity of cleaning the refrigeration system with a specifi- 
cally-designed cleaning solvent (HCFC 141b or HCFC 
225) through use of cleaning equipment. Therefore, the 
method completely eliminates the possibility of deple- 25 
tion of the ozone layer, the use of a flammable and toxic 
substance, a fear of existence of residual cleaning sol- 
vent, and a necessity for recovery of a cleaning solvent. 
[01 58] I n contrast with the conventional second clean- 
ing method, the method of the present invention elimi- 30 
nates a necessity of operating the refrigeration system 
three times repeatedly for cleaning, as well as of replac- 
ing an HFC refrigerant and HFC refrigeration oil three 
times. The method of the present invention involves use 
of only the amount of HFC refrigerant and HFC refriger- 35 
ation oil required for one refrigeration system, thus yield- 
ing an advantage in terms of cost and environmental 
cleanliness. Further, the method completely eliminates 
a necessity of managing refrigeration oil for replacement 
purpose and the chance of excess or insufficient refrig- 40 
eration oil. Further, there is no chance of the HFC refrig- 
eration oil being incompatible with the HFC refrigerant 
or being deteriorated. 

[0159] The previous embodiment has described the 
method of replacing only the heat source unit AA with a 45 
new one. However, the present invention also enables 
replacement of the heat source unit AA and the indoor 
unit BB with new ones without involvement of replace- 
ment of the first connecting pipe CC and the second con- 
necting pipe DD. so 
[0160] Further, the previous embodiment described 
an example in which one indoor unit BB is connected to 
the refrigeration system. Needless to say, the present 
invention yields the same advantage as that yielded in 
the embodiment even when applied to a refrigeration 55 
system comprising a plurality of indoor units BB con- 
nected in series or parallel. 

[0161] As is obvious, the same advantage is yielded 
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even when a thermal storage ice bath or a thermal stor- 
age water bath (including hot water) is connected in par- 
allel or series with the heat-source-unit-side heat ex- 
changer 3. 

[0162] The same advantage as that yielded by the 
previous embodiment is not limited to the refrigeration 
unit; the same advantage as in the previously-described 
embodiment is yielded so long as a thermo-compres- 
sion refrigeration application comprises a unit incorpo- 
rating a heat-source-unit-side heat exchanger and an- 
other unit incorporating a user-side heat exchanger, the 
units being remotely spaced away from each other. 
[01 63] The configuration of the refrigeration system of 
the first embodiment may be summarized as follows: 
[01 64] The refrigeration system comprises the first re- 
frigerant circuit for circulating a refrigerant from and to 
the compressor via the heat-source-unit-side heat ex- 
changer, the flow rate controller, the user-side heat ex- 
changer, and the accumulator, in the sequence given. 
Further, the refrigeration system comprises the second 
refrigerant circuit for circulating a refrigerant from and 
to the compressor via the user-side heat exchanger, the 
flow rate controller, the heat-source-unit-side heat ex- 
changer, and the accumulator, in the sequence given. 
The refrigeration system of the present embodiment 
comprises extraneous-matter trapping means for sepa- 
rating and trapping the extraneous matter which has 
been separated by the oil separation means and is con- 
tained in the refrigeration oil. 

[01 65] A new heat source unit, which is equipped with 
an oil separator and extraneous trapping means and 
employs a new refrigerant, is provided to an existing re- 
frigeration system. An existing heat source unit is re- 
placed with the new heat source unit, and the existing 
refrigerant is also replaced with new refrigerant. 
[0166] Next will be described methods of controlling 
the cleaning operation of the refrigeration system of the 
second embodiment after replacement of a refrigerant. 
[0167] In controlling the cleaning operation of the re- 
frigeration system, the heat source unit AA of the refrig- 
erant circuit (i.e., the refrigeration system) which use a 
CFC or HCFC (i.e., an old refrigerant) are replaced with 
a new heat source unit AA which use an HFC (i.e., a 
new refrigerant). Depending on the situation, the indoor 
unit BB may also replaced. After having been addition- 
ally recharged, the refrigeration system performs a 
cleaning operation as follows. 

(1) First Control Method 

[0168] The refrigeration system first performs a cool- 
ing operation in a manner as described above as a step 
A of a cleaning operation procedure. 

(2) Second Control Method 

[01 69] The refrigeration system first performs a heat- 
ing operation in a manner as described above as a step 
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B of a cleaning operation procedure. 

(3) Third Control Method 

[0170] The refrigeration system performs a cleaning 5 
operation in the sequence given from the cooling oper- 
ation as a step A to the heating operation as a step B of 
the cleaning operation procedure. 

(4) Fourth Control Method 

[0171] An operating capacity of the refrigeration sys- 
tem for a cleaning operation is controlled according to 
the inner diameters of the first and second connecting 
pipes CC and DD which are objects of cleaning. Further, 
the mass velocity of the refrigerant flowing through the 
first and second connecting pipes CC and DD currently 
being cleaned is set to be greater than a predetermined 
value or to fall within a certain range. This applies to step 
A and step B. 

[0172] The features and effects of the above control 
methods are same or similar with those as described in 
the first embodiment, so that the duplicated descriptions 
are omitted here. 

Third Embodiment 

[0173] FIG. 10 is a schematic diagram showing a re- 
frigerant circuit of a refrigeration system, as an example 
refrigeration system according to a third embodiment of 
the present invention. In FIG. 10, reference symbols BB 
to DD, reference numerals 1 through 9, and reference 
numerals 8a and 9a are the same as those employed in 
the first embodiment, and hence repetition of their de- 
tailed explanations is omitted here. 
[0174] Reference numeral 12a designates cooling 
means (a cooling device) for cooling and liquefying a 
hot, high-pressure gaseous refrigerant; 12b designates 
heating means (a heating device) for evaporating a low- 
pressure two-phase refrigerant; 1 3 designates extrane- 
ous-matter trapping means (an extraneous-matter trap- 
ping device) provided at the exit of the heating means 
12b; 14a designates a first electromagnetic valve dis- 
posed at the exit of the extraneous-matter trapping 
means 13; and 14b designates a second electromag- 
netic valve disposed at the entrance of the heating 
means 12b. 

[01 75] Reference numeral 1 0 designates a first selec- 
tor valve. According to an operation mode, the first se- 
lector valve 10 effects switching, in the following man- 
ner, between the four terminals; namely, the exit termi- 
nal of the heat-source-unit-side heat exchanger 3 used 
during the cooling operation of the refrigeration system, 
the exit terminal of the four-way valve 2 used during the 
heating operation of the refrigeration system, the en- 
trance terminal of the cooling means 12a, and the exit 
terminal of the electromagnetic valve 14a. More specif- 
ically, during a cooling operation of the refrigeration sys- 
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tern, the exit terminal of the heat-source-unit-side heat 
exchanger 3 used during the cooling operation is con- 
nected to the entrance terminal of the cooling means 
12a. and the exit terminal of the electromagnetic valve 
14a is connected to the entrance terminal of the four- 
way valve 2 used during the cooling operation (the exit 
terminal of the four-way valve 2 used during the cooling 
operation). 

[0176] During the heating and cleaning operation of 
the refrigeration system, the exit terminal of the four-way 
valve 2 used during the heating operation is connected 
to the entrance terminal of the cooling means 12a, and 
the exit terminal of the electromagnetic valve 1 4a is con- 
nected to the entrance terminal of the heat-source-unit- 
side heat exchanger 3 used during the heating operation 
(the exit terminal of the heat-source-unit-side heat ex- 
changer 3 during the cooling operation). 
[0177] Reference numeral 11 designates a second 
selector valve. During the cooling and cleaning opera- 
lion or the normal cooling operation of the refrigeration 
system, the second selector valve 11 connects the exit 
terminal of the cooling means 12a to the first control 
valve 4. During the heating and cleaning operation or 
normal heating operation of the refrigeration system, the 
second selector valve 11 connects the exit terminal of 
the cooling means 12a to the second control valve 7. 
During the cooling and cleaning operation of the refrig- 
eration system, the second selector valve 11 connects 
the entrance terminal of the electromagnetic valve 14b 
to the second control valve 7. During the heating and 
cleaning operation of the refrigeration system, the sec- 
ond selector valve 11 connects the entrance terminal of 
the electromagnetic valve 1 4b to the first control valve 4. 
[0178] Reference numeral 14c designates a third 
electromagnetic valve provided at any position in a pipe 
connecting a junction, which is between the first selector 
valve 10 and the heat-source-unit-side heat exchanger 
3, to a junction which is between the second selector 
valve 1 1 and the first control valve 4. Reference numeral 
14d designate a fourth electromagnetic valve provided 
at any position in a pipe connecting a junction, which is 
between the first selector valve 10 and the four-way 
valve 2, and a junction which is between the second se- 
lector valve 11 and the second control valve 7. 
[0179] The first selector valve 10 consists of four 
check valves 10a to 10d. The check valve 10a is pro- 
vided so as to enable flow of a refrigerant from the exit 
terminal of the heat-source-unit-side heat exchanger 3 
used at the time of a cooling operation to the entrance 
terminal of the cooling means 12a and not to allow re- 
verse flow of the refrigerant. The check valve 10b is pro- 
vided so as to enable flow of a refrigerant from the exit 
terminal of the four-way valve 2 used at the time of a 
heating operation to the entrance terminal of the cooling 
means 12a and not to allow reverse flow of the refriger- 
ant. The check valve 10c is provided so as to enable 
flow of a refrigerant from the exit terminal of the first elec- 
tromagnetic valve 14a to the exit terminal of the heat- 
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source-unit-side heat exchanger 3 used at the time of a 
cooling operation and not to allow reverse flow of the 
refrigerant. The check valve 10d is provided so as to 
allow flow of a refrigerant from the exit terminal of the 
first electromagnetic valve 1 4a to the exit terminal of the 5 
four-way valve 2 used at the time of a heating operation - 
and not to allow reverse flow of the refrigerant. These 
check valves 10a to 10d can switch by themselves with- 
out use of an electrical signal, by means of the pressure 
applied to the respective connection terminals. 10 
[0180] The cooling source of the cooling means 12a 
may be either water or air, and the heating source of the 
heating means 1 2b may be any one of air, water, and a 
heater. Alternatively, the cooling means 12a and the 
heating means 12b may be embodied in the form of a is 
single unit by means of transferring heat between the 
heating means 1 2a and the cooling means 1 2b. For ex- 
ample, a hot, high-temperature pipe and a cold, low- 
pressure pipe which run between the first selector valve 
10 and the second selector valve 12 may be brought 20 
into thermal contact with each other. Specifically, the 
single unit may be formed from a set of concentric pipes, 
wherein the outer tube is formed from a hot, high-tem- 
perature pipe and the inner tube is formed from a cold, 
low-temperature pipe. 25 
[0181] By means of the foregoing configuration, the 
heat source unit AA incorporates the oil separator 9, a 
separated oil bypass channel 9a, the cooling means 
12a, the heating means 12b, the extraneous-matter 
trapping means 13, the first selector valve 10, the sec- 30 
ond selector valve 11, the first electromagnetic valve 
14a, the second electromagnetic valve 14b, the third 
electromagnetic valve 14c, and the fourth electromag- 
netic valve 14d. 

[0182] A refrigerant circuit portion including both the 35 
heating means 12b and the extraneous-matter trapping 
means 13 is herein taken as a first bypass channel. An- 
other refrigerant circuit portion including the cooling 
means 1 2a is herein taken as a second bypass channel. 
[0183] The refrigeration system employs an HFC (a 40 
new refrigerant) as a refrigerant. 
[01 84] Next will be described procedures for replacing 
a deteriorated refrigeration system using a CFC or 
HCFC (an old refrigerant) with a refrigeration system us- 
ing a new refrigerant. 45 
[0185] CFC or HCFC is recovered from the existing 
refrigeration system, and the heat source unit AA and 
the indoor unit BB are replaced with a new heat source 
unit AA and a new indoor unit BB using HFC as shown 
in FIG. 10. The first connecting pipe CC and the second so 
connecting pipe DD used for the HCFC-using refrigera- 
tion system are reused, thus constituting the refrigerant 
circuit as shown in FIG. 10. 

[0186] Since the new heat source unit AA has been 
charged with HFC in advance, the refrigeration system 55 
is evacuated while the first control valve 4 and the sec- 
ond control valve 7 remain closed and while the new 
indoor unit BB, the first connecting pipe CC, and the sec- 


34 

ond connecting pipe DD are connected to the refrigera- 
tion system. Subsequently, the first control valve 4 and 
the second control valve 7 are opened, and the refrig- 
eration system is additionally charged with HFC. There- 
after, the refrigeration system performs a cleaning op- 
eration and then performs an ordinary air-conditioning 
operation. 

[0187^ Details of the cleaning operation will now be 
described by reference to FIG. 10. Solid arrows in the 
drawing depict the flow of a refrigerant during a cooling 
operation of the refrigeration system, and broken arrows 
depict the flow of a refrigerant during a heating opera- 
tion. 

[01 88] First will be described the flow of a refrigerant 
during a cooling operation. A refrigerant is compressed 
by the compressor 1 so as to become a hot, high-pres- 
sure gas; is discharged from the compressor 1 together 
with the HFC refrigeration oil; and enters the oil separa- 
tor 9, where the HFC refrigeration oil is completely sep- 
arated from the gaseous refrigerant. Only the gaseous 
refrigerant flows, via the four-way valve 2, into the heat- 
source-unit-side heat exchanger 3, where the gaseous 
refrigerant exchanges heat with a heat source medium, 
such as water or air, and is condensed to a certain ex- 
tent. 

[01 89] The refrigerant, which has been condensed to 
a certain extent, flows, via the first selector valve 1 0, into 
the cooling means 12a, where the refrigerant is com- 
pletely condensed. The thus-condensed refrigerant 
flows into the first connecting pipe CC via the second 
selector valve 11 and the first control valve 4. 
[01 90] While the liquid HFC refrigerant flows through 
the first connecting pipe CC, CFC, HCFC, a mineral oil, 
or a deteriorated mineral oil (hereinafter referred to as 
"residual extraneous matter") remaining in the first con- 
necting pipe CC is cleaned little by little. The thus- 
cleared residual extraneous matter flows into the flow 
rate regulator 5 together with the liquid HFC refrigerant. 
In the flow rate regulator 5, the liquid HFC refrigerant is 
decompressed to a low pressure and assumes a low- 
pressure, two-phase state. The refrigerant then ex- 
changes heat with a user-side medium, such as air, in 
the user-side heat exchanger 6 and is evaporated to a 
certain extent. 

[01 91 ] The refrigerant, which has been evaporated to 
a certain extent, flows into the second connecting pipe 
DD together with the residual extraneous matter exfoli- 
ated from the first connecting pipe CC. Since the refrig- 
erant flowing through the second connecting pipe DD is 
in a gas-liquid two-phase state, the liquid refrigerant 
flows at high speed and the extraneous matter remain- 
ing in the second connecting pipe DD is cleaned with 
the liquid refrigerant. The residual extraneous matter is 
cleaned at a speed higher than that at which the extra- 
neous matter is cleaned from the first connecting pipe 
CC. 

[0192] Subsequently, the refrigerant, which has been 
evaporated to a certain extent and is in a gas-liquid two- 
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phase state, flows into the heating means 12b together 
with the residual extraneous matter removed from the 
first connecting pipe CC and that removed from the sec- 
ond connecting pipe DD, via the second control valve 7, 
the second selector valve 1 1 ; and the second electro- s 
magnetic valve 14b. In the heating means 12b, the re- 
frigerant is completely evaporated, and the thus-evap- 
orated refrigerant flows into the extraneous-matter trap- 
ping means 13. According to boiling point, the different 
types of residual extraneous matter differ in phase from 10 
each other and can be classified into three phases: i.e., 
solid extraneous matter, liquid extraneous matter, and 
gaseous extraneous matter. The extraneous-matter 
trapping means 1 3 completely separates solid extrane- 
ous matter and liquid extraneous matter from the gase- is 
ous refrigerant, thus trapping the thus-separated extra- 
neous matter. 

[01 93] Some of gaseous extraneous matter is trapped 
by the extraneous-matter trapping means 13, but some 
of the same escapes. The gaseous refrigerant returns 20 
to the compressor 1 along with the gaseous extraneous 
matter which has escaped the extraneous-matter trap- 
ping means 13, via the first electromagnetic valve 14a, 
the first selector valve 10, the four-way valve 2, and the 
accumulators. 25 
[0194] The HFC refrigeration oil, which has been 
completely separated from the gaseous refrigerant by 
the oil separator 9, merges with the principal stream of 
HFC refrigeration oil at a downstream position relative 
to the extraneous-matter trapping means 1 3, via the by- 30 
pass channel 9a. The thus-merged flow of HFC refrig- 
eration oil returns to the compressor 1. Thus, the HFC 
refrigeration oil is prevented from being mixed with the 
mineral oil remaining in the first and second connecting 
pipes CC and DD and is prevented from being incom- 35 
patible with HFC. Further, there can be prevented dete- 
rioration of the HFC refrigeration oil, which would other- 
wise be caused by mixing with a mineral oil. 
[0195] Further, the solid extraneous matter does not 
mix with the HFC refrigeration oil, thus preventing dete- 40 
rioration of the HFC refrigeration oil.- During a single cir- 
culation of the HFC refrigerant through the refrigerant 
circuit and through the extraneous-matter trapping 
means 1 3, only some of the gaseous extraneous matter 
is trapped. The gaseous extraneous matter is mixed 4S 
with the HFC refrigeration oil. However, deterioration in 
the HFC refrigeration oil is attributable to chemical re- 
action and does not proceed abruptly. 
[0196] FIG. 2 shows an example of deterioration of 
the HFC refrigeration oil. The gaseous extraneous mat- so 
ter which has not been trapped during the single flow of 
the gaseous refrigerant through the extraneous-matter 
trapping means 1 3 passes through the extraneous-mat- 
ter trapping means 13 again and again, along with cir- 
culation of the HFC refrigerant. Hence, the only require- ss 
ment is that the gaseous matter be trapped by the ex- 
traneous-matter trapping means 13 faster than the rate 
at which the HFC refrigeration oil is deteriorated. 
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[01 97] Next will be described the flow of a refrigerant 
during a heating operation of the refrigeration system. 
A gaseous refrigerant is compressed by the compressor 

1 so as to become a hot, high-pressure gas: is dis- 
charged from the compressor 1 together with an HFC 
refrigeration oil; and enters the oil separator 9, where 
the HFC refrigeration oil is completely separated from 
the gaseous refrigerant. Only the gaseous refrigerant 
flows into the cooling means 1 2a, via the four-way valve 

2 and the first selector valve 10. 

[0198] The gaseous refrigerant is cooled and is con- 
densed to a certain extent. The refrigerant, which has 
been evaporated to a certain extent, flows into the sec- 
ond connecting pipe DD via the second selector valve 
11 and the second control valve 7. Since the refrigerant 
flowing through the second connecting pipe DD is in a 
gas-liquid two-phase state, the liquid refrigerant flows 
at high speed and the extraneous matter remaining in 
the second connecting pipe DD is cleaned with the liquid 
refrigerant. The residual extraneous matter is cleaned 
from the second connecting pipe DD at a speed higher 
than that at which the extraneous matter is cleaned from 
the first connecting pipe CC. 

[0199] Subsequently, the gaseous refrigerant, which 
has been condensed to a certain extent, flows, together 
with the residual extraneous matter removed from the 
second connecting pipe DD, into the user-side heat ex- 
changer 6, where the gaseous refrigerant exchanges 
heat with a heat source medium, such as air, and is com- 
pletely condensed. 

[0200] The thus-condensed refrigerant flows to the 
flow rate regulator 5, where the refrigerant is decom- 
pressed to assume a low-pressure, two-phase state. 
The gaseous refrigerant then flows into the first connect- 
ing pipe CC. Since the gaseous refrigerant is in a gas- 
liquid two-phase state and flows at high speed, the gas- 
eous refrigerant cleans the extraneous matter remain- 
ing in the first connecting pipe CC together with the liquid 
refrigerant at a speed faster than that achieved during 
a cooling operation. The refrigerant in the gas-liquid 
two-phase state flows, together with the residual extra- 
neous matter removed from the second connecting pipe 
DD and the first connecting pipe CC, into the heating 
means 12b, via the first control valve 4, the second se- 
lector valve 11, and the second electromagnetic valve 
14b. In the heating means 12b, the refrigerant is heated 
to evaporate, and the thus-evaporated refrigerant flows 
into the extraneous-matter trapping means 13. 
[0201] According to boiling point, the different types 
of residual extraneous matter differ in phase from each 
other and can be classified into three phases: i.e., solid 
extraneous matter, liquid extraneous matter, and gase- 
ous extraneous matter. The extraneous-matter trapping 
means 1 3 completely separates solid extraneous matter 
and liquid extraneous matter from the gaseous refriger- 
ant, thus trapping the thus-separated extraneous mat- 
ter. Some of the gaseous extraneous matter is trapped 
by the extraneous-matter trapping means 13, but some 
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of the same escapes. 

[0202] The gaseous refrigerant returns to the com- 
pressor 1 via the accumulator 8 along with the gaseous 
extraneous matter which has escaped the extraneous- 
matter trapping means 13. The gaseous refrigerant $ 
flows into the heat-source-unit-side heat exchanger 3 
together with the gaseous extraneous matter which has 
not been trapped by the extraneous-matter trapping 
means 1 3, via the four-way valve 2 and the first selector 
valve 10. In the heat-source-unit-side heat exchanger to 
3, a blower is stopped so as to cause the gaseous re- 
frigerant to pass through without involvement of heat ex- 
change, whereby the gaseous refrigerant returns to the 
compressor 1 via the accumulator 8. 
[0203] The HFC refrigeration oil, which has been is 
completely separated from the gaseous refrigerant by 
the oil separator 9, merges with the principal stream of 
HFC refrigeration oil at a downstream position relative 
to the extraneous-matter trapping means 13, via the by- 
pass channel 9a. The thus-merged flow of HFC refrig- 20 
eration oil returns to the compressor 1. Thus, the HFC 
refrigeration oil is prevented from being mixed with the 
mineral oil remaining on the first and second connecting 
pipes CC and DD and is prevented from being incom- 
patible with HFC. Further, there can be prevented dete- 25 
rioration of the HFC refrigeration oil, which would other- 
wise be caused by mixing with a mineral oil. 
[0204] Further, the solid extraneous matter does not 
mix with the HFC refrigeration oil, thus preventing dete- 
rioration of the HFC refrigeration oil. 30 
[0205] During a single circulation of the HFC refriger- 
ant through the refrigerant circuit and through the extra- 
neous-matter trapping means 1 3, only some of the gas- 
eous extraneous matter is trapped. The gaseous extra- 
neous matter is mixed with the HFC refrigeration oil. 35 
However, deterioration in the HFC refrigeration oil is at- 
tributable to chemical reaction and does not proceed 
abruptly. FIG. 2 shows an example of deterioration of 
the HFC refrigeration oil. . . 

[0206] The gaseous extraneous matter, which has not 40 
been trapped during the single passage ol the gaseous 
refrigerant through the extraneous -matter trapping 
means 13, passes through the extraneous-matter trap- 
ping means 13 again and again, along with circulation 
of the HFC refrigerant. Hence, the only requirement is 45 
that the gaseous matter be trapped by the extraneous- 
matter trapping means 13 faster than the rate at which 
the HFC refrigeration oil is deteriorated. 
[0207] Since the extraneous-matter trapping means 
13 and the oil separator 9 are completely the same as 50 
those employed in the first embodiment, their explana- 
tions are omitted here for brevity. 
[0208] The ordinary air-conditioning and cleaning op- 
eration will now be described by reference to FIG. 11. 
Solid arrows in the drawing depict the flow of a ref riger- 55 
ant during a cooling operation of the refrigeration sys- 
tem, and broken arrows depict the flow of a refrigerant 
during a heating operation. 
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[0209] First will be described the flow of a refrigerant 
during a normal cooling operation. A refrigerant is com- 
pressed by the compressor 1 so as to become a hot, 
high-pressure gas: is discharged from the compressor 
1 together with an HFC refrigeration oil; and enters the 
oil separator 9, where the HFC refrigeration oil is com- 
pletely separated from the gaseous refrigerant. Only the 
gaseous refrigerant flows, via the four-way valve 2, into 
the heat-source-unit-side heat exchanger 3, where the 
gaseous refrigerant exchanges heat with a heat source 
medium, such as water or air, and is condensed to a 
certain extent. 

[0210] The majority of the thus-condensed refrigerant 
flows to the third electromagnetic valve 14c, and some 
of the refrigerant flows in the sequence given from the 
first selector valve 10, the cooling means 12a, and the 
second selector valve 1 1 . These two streams of the re- 
frigerant merge into a single stream, and the single 
stream of the refrigerant flows into the first control valve 
4. The refrigeranl further flows, via the first connecting 
pipe CC, into the flow rate control valve 5, where the 
refrigerant is decompressed to assume a low-pressure, 
two-phase state. In the user-side heat exchanger 6, the 
refrigerant exchanges heat with a user-side medium, 
such as air, and is evaporated. The thus-evaporated re- 
frigerant returns to the compressor 1, via the second 
connecting pipe DD, the second control valve 7, the 
fourth electromagnetic valve 14d, the four-way valve 2, 
and the accumulator 8. 

[0211] The HFC refrigeration oil, which has been com- 
pletely separated from the gaseous refrigerant by the oil 
separator 9, merges with the principal stream of HFC 
refrigerant at a downstream position relative to the ex- 
traneous-matter trapping means 13, via the bypass 
channel 9a. The thus-merged flow of the HFC refriger- 
ant and the HFC refrigeration oil returns to the compres- 
sor 1. 

[0212] Since the first electromagnetic valve 14a and 
the second electromagnetic valve 1 4b are closed, the 
extraneous-matter trapping means 1 3 is isolated and is 
brought into a closed state. Therefore, the extraneous 
matter trapped during the cleaning operation of the re- 
frigeration system cannot again return to the circuit in 
operation. In contrast with the case of the first embodi- 
ment, the refrigerant does not pass through the extra- 
neous-matter trapping means 13, and hence the inlet 
pressure of the compressor 1 is susceptible to only a 
small loss, which in turn induces little deterioration in the 
capability of the compressor 1. 

[0213] Next will be described the flow of a refrigerant 
during a normal heating operation. A refrigerant is com- 
pressed by the compressor 1 so as to become a hot, 
high-pressure gas; is discharged from the compressor 
1 together with an HFC refrigeration oil; and enters the 
oil separator 9, where the HFC refrigeration oil is com- 
pletely separated from the gaseous refrigerant. The ma- 
jority of refrigerant flows to the fourth electromagnetic 
valve 14d, via the four-way valve 2. Some of the refrig- 
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erant flows in the sequence given from the first selector 
valve 10, the cooling means 1 2a, and the second selec- 
tor valve 11. These two streams of the refrigerant merge 
into a single stream, and the single stream of refrigerant 
flows into the second control valve 7. The refrigerant 5 
flows further, via the second connecting pipe DD, into 
the user-side heat exchanger 6, where the refrigerant 
exchanges heat with a user-side medium, such as air, 
and is completely condensed. 

[0214] The thus-condensed refrigerant flows into the to 
flow rate controller 5, where the refrigerant is decom- 
pressed to assume a low-pressure, two-phase state. 
The thus-decompressed refrigerant flows into the heat- 
source-unit-side heat exchanger 3, via the first connect- 
ing pipe CC, the first control valve 4, and the third elec- is 
tromagnetic valve 14c. In heat-source-unit-side heat ex- 
changer 3, the refrigerant exchanges heat with a heat- 
source-unit-side medium, such as air or water, and is 
evaporated. The thus-evaporated refrigerant returns to 
the compressor 1 via Ihe accumulator 8. 20 
[0215] The HFC refrigeration oil, which has been 
completely separated from the gaseous refrigerant by 
the oil separator 9, returns to the compressor 1 , via the 
bypass channel 9a. 

[0216] Since the first electromagnetic valve 14a and 25 
the second electromagnetic valve 14b are closed, the 
extraneous-matter trapping means 1 3 is isolated and is 
brought into a closed state. Therefore : the extraneous 
matters trapped during the cleaning operation of the re- 
frigeration system cannot again return to the circuit in 30 
operation. In contrast with the case of the first embodi- 
ment, the refrigerant does not pass through the extra- 
neous-matter trapping means 13, and hence the inlet 
pressure of the compressor 1 is susceptible to only a 
small loss, which in turn induces little deterioration in the 35 
capability of the compressor 1 . 
[0217] As mentioned above, the oil separator 9 and 
the extraneous-matter trapping means 13 are incorpo- 
rated into the heat source unit AA. Accordingly, a dete- 
riorated CFC/HCFC-using refrigeration system can be 40 
replaced with a new HFC-using refrigeration system 
without replacement of the first connecting pipe CC and 
the second connecting pipe DD, by means of replacing 
only the heat source unit AA and the indoor unit BB with 
new ones. In contrast with the conventional first cleaning 45 
method, the existing pipe reuse method of the present 
invention eliminates a necessity of cleaning the refrig- 
eration syslem with a specifically-designed cleaning sol- 
vent (HCFC 1 41 b or HCFC 225) through use of cleaning 
equipment. Therefore, the method completely elimi- so 
nates the possibility of depletion of the ozone layer, the 
use of a flammable and toxic substance, a fear of a re- 
sidual cleaning solvent, and a necessity for recovery of 
a cleaning solvent. 

[0218] In contrast with the conventional second clean- 55 
ing method, the method of the present invention elimi- 
nates a necessity of operating the refrigeration system 
three times repeatedly for cleaning, as well as a neces- 
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sity of replacing an HFC refrigerant and HFC refrigerator 
oil with new refrigerant and oil three times. The method 
of the present invention involves use of only the amount 
of HFC refrigerant and HFC refrigerator oil required for 
one refrigeration system, thus yielding an advantage in 
terms of cost and environmental cleanliness. Further, 
the method completely eliminates a necessity of man- 
aging refrigeration oil for replacement purpose and the 
chance of excess or shortage of the refrigeration oil. Fur- 
ther, there is no chance of the HFC refrigerator oil being 
incompatible with the HFC refrigerant or being deterio- 
rated. 

[0219] Since the refrigeration system is provided with 
the first electromagnetic valve 14a, the second electro- 
magnetic valve 1 4b, the third electromagnetic valve 1 4c, 
and the fourth electromagnetic valve 14d, a cleaning ef- 
fect such as that described above is achieved at the time 
of a cleaning operation, by causing the refrigerant to flow 
through the extraneous-matter trapping means 13. At 
the lime of an ordinary operation subsequent to the 
cleaning operation, the first and second electromagnetic 
valves 14a and 14b are closed, so that the extraneous- 
matter trapping means 1 3 is isolated and is brought into 
a closed state. Therefore, the extraneous matter 
trapped during the cleaning operation of the refrigera- 
tion system cannot again return to the circuit in opera- 
tion. In contrast with the case of the first embodiment, 
the refrigerant does not pass through the extraneous- 
matter trapping means 13, and hence the inlet pressure 
of the compressor 1 is susceptible to only a small loss, 
which in turn induces little deterioration in the capability 
of the compressor 1. 

[0220] Since the refrigeration system is provided with 
the cooling means 12a, the heating means 12b, the first 
selector valve 10, and the second selector valve 11, a 
liquid refrigerant or a refrigerant of gas-liquid two-phase 
flows into the first and second connecting pipes CC and 
DD during a cleaning operation, regardless of whether 
the refrigeration system performs a cooling operation or 
a heating operation. A strong cleaning effect is achieved 
during the cleaning of residual extraneous matter, and 
cleaning time can be shortened. 
[0221] Further, the cooling means 12a and the heat- 
ing means 1 2b can control the amount of heat to be ex- 
changed, and hence, regardless of the ambient temper- 
ature and the refrigeration load, the refrigeration system 
can perform substantially the same cleaning operation 
under arbitrary conditions, thereby rendering a resultant 
effect and required efforts stable. 
[0222] The previous embodiment has described the 
method of replacing the heat source unit AA and the in- 
door unit BB with new ones. However, the present in- 
vention also enables replacement of only the heat 
source unit AA with a new one without involvement of 
replacement of the first connecting pipe CC, the indoor 
unit BB, and the second connecting pipe DD. 
[0223] Further, the previous embodiment described 
an example in which one indoor unit BB is connected to 
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the refrigeration system. Needless to say, the present 
invention yields the same advantage as that yielded in 
the embodiment even when applied to a refrigeration 
system comprising a plurality ol indoor units BB con- 
nected in series or parallel. 5 
[0224] As is obvious, the same advantage is yielded 
even when a thermal storage ice bath or a thermal stor- 
age water bath (including hot water) is connected in par- 
allel or series with the heat-source-unit-side heat ex- 
changer 3. 10 
[0225] The same advantage as that yielded by the 
previous embodiment is not limited to the refrigeration 
unit; the same advantage as in the previously-described 
embodiment is yielded so long as a thermo-compres- 
sion refrigeration application comprises a unit incorpo- is 
rating a heat-source-unit-side heat exchanger and an- 
other unit incorporating a user-side heat exchanger, the 
units being remotely spaced away from each other. 
[0226] The configuration of the refrigeration system of 
the third embodiment can be summarized as follows: 20 
[0227] The refrigeration system comprises the first re- 
frigerant circuit for circulating a refrigerant from and to 
the compressor via the heat-source-unit-side heat ex- 
changer, the flow rate controller, the user-side heat ex- 
changer, and the accumulator, in the sequence given. 25 
Further, the refrigeration system comprises the second 
refrigerant circuit for circulating a refrigerant from and 
to the compressor via the user-side heat exchanger, the 
flow rate controller, the heat-source-unit-side heat ex- 
changer, and the accumulator, in the sequence given. 30 
[0228] The refrigeration system of the present em- 
bodiment comprises a first bypass channel for intercon- 
necting the user-side heat exchanger and the accumu- 
lator of the first refrigerant circuit and for interconnecting 
the flow rate controller and the heat-source-unit-side 35 
heat exchanger of the second refrigerant circuit; and ex- 
traneous-matter trapping means for trapping extrane- 
ous matter contained in the refrigerant. 
[0229] The refrigeration system of the present em- 
bodiment comprises a second bypass channel for inter- 40 
connecting the heat-source-unit-side heat exchanger 
and the flow rate controller of the first refrigerant circuit 
and interconnecting the compressor and the user-side 
heat exchanger of the second refrigerant circuit; and re- 
frigerant cooling means for cooling the refrigerant. 45 
[0230] The refrigeration system further comprises the 
refrigerant cooling means disposed upstream of the ex- 
traneous-matter trapping means of the first bypass 
channel. 

[0231] Oil separation means for separating an oil so 
component from the refrigerant is interposed between 
the compressor and the heat-source-unit-side heat ex- 
changer of the first refrigerant circuit and between the 
compressor and the user-side heat exchanger of the 
second refrigerant circuit. ss 
[0232] A new heat-source unit, which is equipped with 
an oil separator and extraneous trapping means and 
employs a new refrigerant, is provided to an existing re- 
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frigeration system. An existing heat-source unit is re- 
placed with a new heat-source unit, and an existing re- 
frigerant is also replaced with a new refrigerant. 
[0233] Next will be described methods of controlling 
the cleaning operation of the refrigeration system of the 
second embodiment after replacement of a refrigerant. 
[0234] In controlling the cleaning operation of the re- 
frigeration system, the heat source unit AA of the refrig- 
erant circuit (i.e., the refrigeration system) which use a 
CFC or HCFC (i.e., an old refrigerant) is replaced with 
a new heat source unit AA which use an HFC (i.e., a 
new refrigerant). The indoor unit BB may also be re- 
placed simultaneously. After having been additionally 
recharged, the refrigeration system performs a cleaning 
operation as follows. 

(1) First Control Method 

[0235] The refrigeration system first performs a cool- 
ing operation in a manner as described above as a slep 
A of a cleaning operation procedure. 

(2) Second Control Method 

[0236] The refrigeration system first performs a heat- 
ing operation in a manner as described above as a step 
B of a cleaning operation procedure. 

(3) Third Control Method 

[0237] The refrigeration system performs a cleaning 
operation in the sequence given from the cooling oper- 
ation as a step A to the heating operation as a step B of 
the cleaning operation procedure. 

(4) Fourth Control Method 

[0238] An operating capacity of the refrigeration sys- 
tem for a cleaning operation is controlled according to 
the inner diameters of the first and second connecting 
pipes CC and DD which are objects of cleaning. Further, 
the mass velocity of the refrigerant flowing through the 
first and second connecting pipes CC and DD currently 
being cleaned is set to be greater than a predetermined 
value or to fall within a certain range. This applies to step 
A and step B. 

[0239] The features and effects of the above control 
methods are same or similar with those as described in 
the first embodiment, so that the duplicated descriptions 
are omitted here. 

Fourth Embodiment 

[0240] FIG. 12 is a schematic diagram showing a re- 
frigerant circuit of a refrigeration system, as an example 
refrigeration system according to a fourth embodiment 
of the present invention. In FIG. 12, reference symbols 
BB to DD, reference numerals 1 through 8, and refer- 
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ence numeral 8a are the same as those employed in the 
first and second embodiments, and hence repetition of 
their detailed explanations is omitted here. The ele- 
ments designated by reference numerals 10, 11, 12a, 
1 2b, and 1 3 are the same as those described in the third 5 
embodiment, and hence repetition of their detailed ex- 
planations is omitted here. 

[0241] In FIG. 12, reference numeral 9 designates an 
oil separator which is the same as those described in 
the first and third embodiments. In contrast with the oil 
separators of the first and third embodiments, the oil 
separator 9 of the present embodiment is disposed be- 
tween the first selector valve 10 and the cooling means 
12a. 

[0242] Reference numeral 9a designates a bypass 
channel which extends from the bottom of the oil sepa- 
rator 9 to a downstream position relative to the extrane- 
ous-matter trapping means 1 3 and is the same as those 
describedin the first and third embodiments. In contrast 
with the bypass channels of the firsl and third embodi- 
ments, the bypass channel 9a of the present embodi- 
ment extends from the bottom of the oil separator 9 to 
a position between the extraneous-matter trapping 
means 1 3 and the first selector valve 10. 
[0243] Reference numeral 15 designates first flow 
rate control means provided between the second selec- 
tor valve 11 and the heating means 12, and 16 desig- 
nates second flow rate control provided between the 
cooling means 12a and the second selector valve 11. 
[0244] Reference symbol CCC designates a third 
connecting pipe provided between the first connecting 
pipe CC and the first control valve 4, and DDD desig- 
nates a fourth connecting pipe provided between the 
second connecting pipe DD and the second control 
valve 7. 

[0245] Reference numeral 17a designates a third 
control valve provided in the third connecting pipe CCC; 
17b designates a fourth control valve provided in the 
fourth connecting pipe DDD; 17c designates a fifth con- 
trol valve provided between the first selector valve 10 
and a pipe connecting the first control valve 4 located in 
the third connecting pipe CCC and the third control valve 
17a; 17d designates a sixth control valve disposed 
across the terminal of the third control valve 17a con- 
nected to the third connecting pipe CCC and the second 
selector valve 11; 17e designates a seventh control 
valve disposed across the first selector valve 10 and a 
position in the fourth connecting pipe DDD which inter- 
connects the second control valve 7 and the fourth con- 
trol valve 17b; and 17f designates an eighth control 
valve disposed across the terminal of the fourth control 
valve 17b connected to the fourth connecting pipe DDD 
and the second selector valve 11. 
[0246] Reference symbol EE designates a cleaning 
unit (washer) having the foregoing configuration and ac- 
commodates the oil separator 9, the bypass channel 9a, 
the cooling means 12a, the heating means 12b, extra- 
neous-matter trapping means 1 3, the first selector valve 
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10, the second selector valve 11 , the first flow rate con- 
trol means 1 5, and the second flow rate control means 
16. The cleaning unit EE is removably connected to an 
area defined by the fifth control valve 17c to the eighth 
control valve 17f of the refrigeration system. 
[0247] The refrigerant circuit portion comprising the 
heating means 12b and the extraneous-matter trapping 
means 13 is taken as a first bypass channel, as de- 
scribed in connection with the third embodiment. The 
refrigerant circuit portion including the cooling means 
12a is taken as a second bypass channel, regardless of 
presence or absence of the oil separator 9. On the as- 
sumption that the refrigeration system does not include 
the cooling means 12a and includes only the oil sepa- 
rator 9, the refrigerant circuit portion including only the 
oil separator 9 is taken as a third bypass channel. 
[0248] Reference numeral 1 8a designates a fifth elec- 
tromagnetic valve disposed between the first connect- 
ing pipe CC and the flow rate regulator 5; 18b desig- 
nates a sixth electromagnetic valve disposed between 
the second connecting pipe DD and the user-side heat 
exchanger 6; and 1 8c designates a seventh electromag- 
netic valve across the terminal of the fifth electromag- 
netic valve 18a connected to the first connecting pipe 
CC and the terminal of the electromagnetic valve 18b 
connected to the second connecting pipe DD. Refer- 
ence symbol FF designates an indoor bypass unit incor- 
porating the fifth electromagnetic valve 18a through the 
seventh electromagnetic valve 18c. The refrigeration 
system employs an HFC (a new refrigerant) as a refrig- 
erant. 

[0249] Next will be described procedures for replacing 
a deteriorated refrigeration system using a CFC or 
HCFC (old refrigerant) with a new refrigeration system 
using an HFC. The CFC or HCFC is recovered from the 
existing refrigeration system, and the heat source unit 
AA and the indoor unit BB are replaced with a new heat 
source unit AA and a new indoor unit BB using HFC as 
shown in FIG. 12. The first connecting pipe CC and the 
second connecting pipe DD used for the HCFC-using 
refrigeration system are reused. The third connecting 
pipe CCC and the fourth connecting pipe DDD are newly 
laid, and the cleaning unit EE (washer) is connected to 
the third connecting pipe CCC via the fifth control valve 
1 7c and the sixth control valve 1 7d. Further, the cleaning 
unit EE is connected to the fourth connecting pipe DDD 
by way of the seventh control valve 1 7e and the eighth 
control valve 17f. The first connecting pipe CC and the 
second connecting pipe DD are connected to the indoor 
unit BB by way of the indoor bypass unit FF, thereby 
constituting the refrigerant circuit shown in FIG. 12. 
[0250] Since the heat source unit AA has been 
charged with an HFC in advance, the refrigeration sys- 
tem is evacuated while the first control valve 4 and the 
second control valve 7 remain closed and while the in- 
door unit BB, the first connecting pipe CC, the second 
connecting pipe DD, the third connecting pipe CC, the 
fourth connecting pipe DD, the cleaning unit EE, and the 
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indoor bypass unit FF are connected to the refrigeration 
system. Subsequently, the first control valve 4 and the 
second control valve 7 are opened, and the refrigeration 
system is additionally charged with an HFC. 
[0251] Subsequently, the third and fourth control 
valves 17a and 17b are closed, and the fourth through 
eighth control valves 17c to 17f are opened. The fifth 
and sixth electromagnetic valves 18a and 18b are 
closed, and the seventh electromagnetic valve 18c is 
opened, whereby the refrigeration system performs a 
cleaning operation. Subsequently, the third and fourth 
control valves 17a and 17b are opened, and the fourth 
through eighth control valves 17c to 17f are closed. The 
fifth and sixth electromagnetic valves 18a and 18b are 
opened, and the seventh electromagnetic valve 18c is 
closed, whereby the refrigeration system performs an 
ordinary air-conditioning operation. 
[0252] The cleaning operation will now be described 
by reference to FIG. 1 2. In the drawing, solid arrows de- 
pict the flow of a refrigerant during a cooling operation 
of the refrigeration system, and broken arrows depict the 
flow of a refrigerant during a heating operation. 
[0253] First will be described the flow of a refrigerant 
during a cooling operation. The refrigerant is com- 
pressed by the compressor 1 to become a hot, high-tem- 
perature gas; is discharged from the compressor 1 to- 
gether with an HFC refrigeration oil; and enters the heat- 
source-unit-side heat exchanger 3. The gaseous refrig- 
erant passes through the heat-source-unit-side heat ex- 
changer 3 without exchanging heat with a heat source 
medium, such as air or water; and enters the oil sepa- 
rator 9 via the first control valve 4, the fifth control valve 
17c, and the first selector valve 10. 
[0254] In the oil separator 9, the HFC refrigeration oil 
is completely separated from the gaseous refrigerant, 
and only the gaseous refrigerant flows into the cooling 
means 12a, where the gaseous refrigerant is con- 
densed. The thus-condensed refrigerant flows to the 
second flow rate control means 16, where the gaseous 
refrigerant is slightly decompressed to assume a low- 
pressure two-phase state. The refrigerant of gas-liquid 
two-phase state flows into the first connecting pipe CC 
via the second selector valve 11 and the sixth control 
valve 17d. 

[0255] While the HFC refrigerant of gas-liquid two- 
phase state flows through the first connecting pipe CC, 
a CFC, an HCFC, a mineral oil, or a deteriorated mineral 
oil (hereinafter referred to as "residual extraneous mal- 
ter") remaining in the first connecting pipe CC is cleaned 
comparatively fast, since the HFC refrigerant is in a gas- 
liquid two-phase state. The thus-cleared residual extra- 
neous matter removed from the first connecting pipe CC 
flows into the second connecting pipe DD together with 
the HFC refrigerant of gas-liquid two-phase state, via 
the seventh electromagnetic valve 18c. 
[0256] During the course of the HFC refrigerant of 
gas-liquid two-phase state flowing through the first con- 
necting pipe CC, a CFC, an HCFC, a mineral oil, or a 
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deteriorated mineral oil (hereinafter referred to as "re- 
sidual extraneous matter") remaining in the first con- 
necting pipe CC is cleaned comparatively fast, since the 
HFC refrigerant is in a gas-liquid two-phase state. 'The 
5 thus-cleared residual extraneous matter removed from 
the first connecting pipe CC flows into the second con- 
necting pipe DD together with the HFC refrigerant of 
gas-liquid two-phase state, via the seventh electromag- 
netic valve 18c. 
10 [0257] Since the refrigerant flowing through the sec- 
ond connecting pipe DD is in a gas-liquid two-phase 
state and flows fast, the residual extraneous matter re- 
maining in the second connecting pipe DD is cleaned at 
comparatively fast speed together with the liquid refrig- 
15 erant. Subsequently, the refrigerant of gas-liquid two- 
phase state flows to the first flow rate control means 1 5 
together with the residual extraneous matter removed 
from the first and second connecting pipes CC and DD, 
via the eighth control valve 17f and the second selector 
valve 11. The refrigerant is decompressed in the first 
flow rate control means 1 5, and the thus-decompressed 
refrigerant flows into the heating means 12b, where the 
refrigerant is evaporated. The thus-evaporated refriger- 
ant flows into the extraneous-matter trapping means 1 3. 
[0258] According to boiling point, the components of 
the residual extraneous matter differ in phase from each 
other and can be classified into three phases; i.e., solid 
extraneous matter, liquid extraneous matter, and gase- 
ous extraneous matter. The extraneous-matter trapping 
means 1 3 completely separates solid extraneous matter 
and liquid extraneous matter from the gaseous refriger- 
ant, thus trapping the thus-separated extraneous mat- 
ter. Some of the gaseous extraneous matter is trapped 
by the extraneous-matter trapping means 13, but some 
of the same escapes. 

[0259] The gaseous refrigerant returns to the com- 
pressor 1 along with the gaseous extraneous matter, 
which has escaped the extraneous-matter trapping 
means 13, via the first selector valve 10, the seventh 
control valve 17e, the second control valve 7, the four- 
way valve 2, and the accumulator 8. 
[0260] The HFC refrigeration oil, which has been 
completely separated from the gaseous refrigerant by 
the oil separator 9, merges with the principal stream of 
HFC refrigerant at a downstream position relative to the 
extraneous-matter trapping means 13, via the bypass 
channel 9a. The thus-merged flow of HFC refrigerant 
and the HFC refrigeration oil returns to the compressor 
1. Thus, the HFC refrigeration oil is prevented from be- 
ing mixed with the mineral oil remaining in the first and 
second connecting pipes CC and DD and is prevented 
from being incompatible with an HFC. Further, there can 
be prevented deterioration of the HFC refrigeration oil, 
which would otherwise be caused by mixing with a min- 
eral oil. 

[0261] Further, the HFC refrigeration oil does not mix 
with solid extraneous matter, thus preventing deteriora- 
tion of the HFC refrigeration oil. 
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[0262] During a single circulation of the HFC refriger- 
ant through the refrigerant circuit and through the extra- 
neous-matter trapping means 1 3, only some of the gas- 
eous extraneous matter is trapped. The gaseous extra- 
neous matter is mixed with the HFC refrigeration oil. 
However, deterioration in the HFC refrigeration oil is at- 
tributable to chemical reaction and does not proceed 
abruptly. FIG. 2 shows an example of deterioration of 
the HFC refrigeration oil. The gaseous extraneous mat- 
ter, which has not been trapped during the single pas- 
sage of the gaseous refrigerant through the extraneous- 
matter trapping means 13, passes through the extrane- 
ous-matter trapping means 13 again and again, along 
with circulation of the HFC refrigerant. Hence, the only 
requirement is that the gaseous matter be trapped by 
the extraneous-matter trapping means 13 faster than 
the rate at which the HFC refrigeration oil deteriorates. 
[0263] Next will be described the flow of a refrigerant 
during a heating operation. The refrigerant is com- 
pressed by the compressor 1 to become a hot, high-tem- 
perature gas; is discharged from the compressor 1 to- 
gether with an HFC refrigeration oil; and enters the oil 
separator 9 via the four-way valve 2 : the second control 
valve 7, the seventh control valve 17e, and the first se- 
lector valve 10. In the oil separator 9, the HFC refriger- 
ation oil is completely separated from the gaseous re- 
frigerant, and only the gaseous refrigerant flows into the 
cooling means 12a, where the gaseous refrigerant is 
condensed. 

[0264] The thus-condensed refrigerant flows to the 
second flow rate control means 16, where the gaseous 
refrigerant is slightly decompressed to assume a low- 
pressure two-phase state. The refrigerant of gas-liquid 
two-phase state flows into the second connecting pipe 
DD via the second selector valve 1 1 and the eighth con- 
trol valve 17f. Since the refrigerant flowing through the 
second connecting pipe DD is in a gas-liquid two-phase 
state and flows fast, the residual extraneous matter re- 
maining in the second connecting pipe DD is cleaned at 
comparatively fast speed with the liquid refrigerant. 
[0265] Subsequently, the refrigerant of gas-liquid two- . 
phase state flows into the first connecting pipe CC to- 
gether with the residual extraneous matter removed 
from the second connecting pipe DD, via the seventh 
electromagnetic valve 18c. Since the refrigerant flowing 
through the first connecting pipe CC is in a gas-liquid 
two-phase state and flows fast, the residual extraneous 
matter remaining in the first connecting pipe CC is 
cleaned at comparatively fast speed together with the 
liquid refrigerant. 

[0266] The refrigerant of gas-liquid two-phase state 
flows to the first flow rate control means 1 5 together with 
the residual extraneous matter cleared from the first and 
second connecting pipes CC and DD, via the sixth con- 
trol valve 17d and the second selector valve 11. The re- 
frigerant is decompressed in the first flow rate control 
means 1 5, and the thus-decompressed refrigerant flows 
into the heating means 12b, where the refrigerant is 


evaporated. The thus-evaporated refrigerant flows into 
the extraneous-matter trapping means 1 3. According to 
boiling point, the components of the residual extraneous 
matter differ in phase from each other and can be clas- 
5 sified into three phases; i.e., solid extraneous matter, 
liquid extraneous matter, and gaseous extraneous mat- 
ter. 

[0267] The extraneous-matter trapping means 13 
completely separates solid extraneous matter and liquid 
10 extraneous matter from the gaseous refrigerant, thus 
trapping the thus-separated extraneous matter. Some 
of the gaseous extraneous matter is trapped by the ex- 
traneous-matter trapping means 13, but some of the 
same escapes. Subsequently, the gaseous refrigerant 
is flows into the heat-source-unit-side heat exchanger 3 
together with the gaseous extraneous matter which has 
not been trapped by the extraneous-matter trapping 
means 13, via the first selector valve 10 and the fifth 
control valve 1 7c. The gaseous refrigerant is caused to 
pass through the heal-source-unil-side heal exchanger 
3 without involvement of heat exchange while a blower 
is stopped, and returns to the compressor 1 via the ac- 
cumulator 8. 

[0268] The HFC refrigeration oil, which has been 
completely separated from the gaseous refrigerant by 
the oil separator 9, merges with the principal stream of 
HFC refrigerant at a downstream position relative to the 
extraneous-matter trapping means 13, via the bypass 
channel 9a. The thus-merged flow of the HFC refriger- 
ant and the HFC refrigeration oil returns to the compres- 
sor 1 . Thus, the HFC refrigeration oil is prevented from 
being mixed with the mineral oil remaining in the first 
and second connecting pipes CC and DD and is pre- 
vented from being incompatible with an HFC. Further, 
there can be prevented deterioration of the HFC refrig- 
eration oil, which would otherwise be caused by mixing 
with a mineral oil. 

[0269] Further, the HFC refrigeration oil does not mix 
with solid extraneous matter, thus preventing deteriora- 
tion of the HFC refrigeration oil. 
[0270] During a single circulation of the HFC refriger- 
ant through the refrigerant circuit and through the extra- 
neous-matter trapping means 13, only some of the gas- 
eous extraneous matter is trapped. The gaseous extra- 
neous matter is mixed with the HFC refrigeration oil. 
However, deterioration in the HFC refrigeration oil is at- 
tributable to chemical reaction and does not proceed 
abruptly. FIG. 2 shows an example of deterioration of 
the HFC refrigeration oil. The gaseous extraneous mat- 
ter, which has not been trapped during the single pas- 
sage of the gaseous refrigerant through the extraneous- 
matter trapping means 13, passes through the extrane- 
ous-matter trapping means 13 again and again, along 
with circulation of the HFC refrigerant. Hence, the only 
requirement is that the gaseous matter be trapped by 
the extraneous-matter trapping means 1 3 faster than 
the rate at which the HFC refrigeration oil deteriorates. 
[0271] Since the extraneous-matter trapping means 
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1 3 and the oil separator 9 are completely the same as 
those employed in the first embodiment, repetition of 
their explanations is omitted here. 
[0272] The ordinary air-conditioning operation of the 
refrigeration system will now be described by reference s 
to FIG. 1 3. In the drawing, solid arrows depict the circu- 
lation of the refrigerant during a cooling operation, and 
dotted arrows depict the circulation of the refrigerant 
during a heating operation. 

[0273] First will be explained the circulation of a re- 10 
frigerant during a cooling operation. The refrigerant is 
compressed by the compressor 1 to assume the form 
of a hot, high-pressure gas; flows via the four-way valve 
2 into the heat-source-unit-side heat exchanger 3, 
where the gaseous refrigerant exchanges heat with a ?5 
heat source medium, such as water or air; and is con- 
densed. The thus-condensed refrigerant flows to the 
flow rate regulator 5, via the first control valve 4, the third 
control valve 17a, the first connecting pipe CC, and the 
fifth electromagnetic valve 1 8a. In the flow rale regulator 20 
5, the refrigerant is decompressed to a low-pressure, 
two-phase state. By way of the user-side heat exchang- 
er 6, the refrigerant exchanges heat with a user-side me- 
dium, such as air, and evaporates. 

[0274] The thus-evaporated refrigerant returns to the 25 
compressor 1 via the sixth electromagnetic valve 18b, 
the second connecting pipe DD, the fourth control valve 
17b, the second control valve 7, the four-way valve 2, 
and the accumulator 8. 

[0275] Since the fifth control valve 17c through the 30 
eighth control valve 1 7f are closed, the extraneous-mat- 
ter trapping means 1 3 is isolated and is brought into a 
closed state. Therefore, the extraneous matter trapped 
during the cleaning operation of the refrigeration system 
cannot again return to the circuit in operation. In contrast 35 
with the case of the first embodiment, the refrigerant 
does not pass through the extraneous-matter trapping 
means 13, and hence the inlet pressure of the compres- 
sor 1 is susceptible to only a small loss, which in turn 
induces little deterioration in the capability of the com- 40 
pressor 1 . 

[0276] Next will be explained the circulation of a re- 
frigerant during a heating operation. The refrigerant is 
compressed by the compressor 1 to assume the form 
of a hot, high-pressure gas; and flows via the four-way 45 
valve 2 into the second control valve 7. The gaseous 
refrigerant flows via the fourth control valve 1 7b, the sec- 
ond connecting pipe DD, and the sixth electromagnetic 
valve 18b into the user-side heat exchanger 6, where 
the gaseous refrigerant exchanges heat with a heat so 
source medium, such as water or air, and is condensed. 
[0277] The thus-condensed refrigerant flows to the 
flow rate regulator 5, where the refrigerant is decom- 
pressed to assume a low-pressure two-phase state. The 
refrigerant flows to the fifth electromagnetic valve 18a, 55 
the first connecting pipe CC, the third control valve 17a, 
the first control valve 4, and the heat-source-unit-side 
heat exchanger 3, where the gaseous refrigerant ex- 
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changes heat with a heat source medium, such as water 
or air, and evaporates. The thus-evaporated refrigerant 
returns to the compressor 1 via the four-way valve 2 and 
the accumulator 8. 

[0278] Since the fifth control valve 17c through the 
eighth control valve 1 7f are closed, the extraneous -mat- 
ter trapping means 13 is isolated and is brought into a 
closed state. Therefore, the extraneous matter trapped 
during the cleaning operation of the refrigeration system 
cannot again return to the circuit in operation. In contrast 
with the case of the first embodiment, the refrigerant 
does not pass through the extraneous-matter trapping 
means 1 3, and hence the inlet pressure of the compres- 
sor 1 is susceptible to only a small loss, which in turn 
induces little deterioration in the capability of the com- 
pressor 1 . In contrast with the case of the third embod- 
iment, the refrigerant does not flow into the cooling 
means 12a, and hence no loss arises in the heating ca- 
pability of the refrigeration system. 
[0279] As mentioned above, the oil separator 9 and 
the extraneous -matter trapping means 1 3 are incorpo- 
rated into the heat source unit AA. Accordingly, a dete- 
riorated CFC/HCFC-using refrigeration system can be 
replaced with a new HFC-using refrigeration system 
without replacement of the first connecting pipe CC and 
the second connecting pipe DD ; by means of replacing 
only the heat source unit AA and the indoor unit BB with 
new ones. In contrast with the conventional first cleaning 
method, the existing pipe reuse method of the present 
invention eliminates a necessity of cleaning the refrig- 
eration system with a specifically-designed cleaning sol- 
vent (HCFC 1 41 b or HCFC 225) through use of cleaning 
equipment. Therefore, the method completely elimi- 
nates the possibility of depletion of the ozone layer, the 
use of a flammable and toxic substance, a fear of exist- 
ence of a residual cleaning solvent, and a necessity for 
recovery of a cleaning solvent. 
[0280] In contrast with the conventional second clean- 
ing method, the method of the present invention elimi- 
nates a necessity of operating the refrigeration system 
three times repeatedly for cleaning, as well as a neces- 
sity of replacing an HFC refrigerant and HFC refrigerator 
oil with new refrigerant and oil three times. The method 
of the present invention involves use of only the amount 
of HFC refrigerant and HFC refrigerator oil required for 
one refrigeration system, thus yielding an advantage in 
terms of cost and environmental cleanliness. Further, 
the method completely eliminates a necessity of man- 
aging refrigeration oil for replacement purpose and the 
chance of excessive or insufficient refrigeration oil. Fur- 
ther, there is no chance of the HFC refrigerator oil being 
incompatible with the HFC refrigerant or being deterio- 
rated. 

[0281] Since the refrigeration system is equipped with 
the fifth control valve 17c through the eighth control 
valve 17f, the refrigerant passes through the extrane- 
ous-matter trapping means 1 3 during a cleaning opera- 
tion, and hence a cleaning effect as described above is 
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achieved. During the normal operation subsequent to 
the cleaning operation, the fifth control valve 17c 
through the eighth control valve 1 7f are closed, and the 
extraneous-matter trapping means 13 is isolated and is 
brought into a closed state. Therefore, the extraneous 5 
matter trapped during the cleaning operation of the re- 
frigeration system cannot again return to the circuit in 
operation. In contrast with the case of the first embodi- 
ment, the refrigerant does not pass through the extra- 
neous-matter trapping means 13, and hence the inlet io 
pressure of the compressor 1 is susceptible to only a 
small loss, which in turn induces little deterioration in the 
capability of the compressor 1 . 
[0282] Since the refrigeration system is provided with 
the cooling means 1 2a, the heating means 1 2b, the first is 
selector valve 10, and the second selector valve 11, a 
liquid refrigerant or a refrigerant of gas-liquid two-phase 
flows into the first and second connecting pipes CC and 
DD during a cleaning operation, regardless of whether 
or not the refrigeration system performs a cooling oper- 20 
ation or a heating operation. Hence, a high cleaning ef- 
fect is achieved during the cleaning of a residual extra- 
neous matter, and cleaning time can be shortened. 
[0283] Further, the cooling means 12a and the heat- 
ing means 1 2b can control the amount of heat to be ex- 2s 
changed, and hence, regardless of the ambient temper- 
ature and the refrigeration load, the refrigeration system 
can perform substantially the same cleaning operation 
under arbitrary conditions, thereby rendering a resultant 
effect and required efforts stable. 30 
[0284] Since the refrigeration system is provided with 
the first flow rate control means 1 5 and the second flow 
rate control means 16, the refrigerant circulating through 
the first and second connecting pipes CC and DD can 
inevitably be brought into a gas-liquid two-phase state. 35 
Hence, a strong cleaning effect can be achieved during 
the cleaning of residual extraneous matter, and cleaning 
time can be shortened. Further, the pressure and dry- 
ness of the refrigerant of gas-liquid two-phase state 
flowing through the first and second connecting pipes 40 
CC and DD can be controlled, and hence the refrigera- 
tion system can be made to perform substantially the 
same cleaning operation under arbitrary conditions, 
thus rendering a resultant effect and required efforts sta- 
ble. 45 
[0285] Since the refrigeration system Is equipped with 
the indoor bypass unit FF, the state of the refrigerant 
flowing through the first connecting pipe CC can be 
made substantially equal to the state of the refrigerant 
flowing through the second connecting pipe DD, thus so 
rendering a resultant effect and required efforts stable. 
[0286] Since the cleaning unit EE incorporates the oil 
separator 9, the bypass channel 9a : the cooling means 
12a, the heating means 12b, the extraneous-matter 
trapping means 13, the first selector valve 10, the sec- 55 
ond selector valve 11 , the first flow rate control means 
15, and the second flow rate control means 1 6, the heat 
source unit A A can be made compact and less costly. 
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Further, even when the first and second connecting 
pipes CC and DD are newly laid, the heat source unit 
AA can be used as a common heat source unit. 
[0287] The cleaning unit EE is removably connected 
to an area defined by the fifth control valve 17c through 
the eighth control valve 17f of the refrigeration system. 
After the cleaning operation, these control valves 17c to 
17f are closed, thereby recovering refrigerant from the 
inside of the cleaning unit EE. The cleaning unit EE is 
then detached from the refrigeration system and is at- 
tached to another, similar refrigeration system, thus en- 
abling cleaning of the other refrigeration system. 
[0288] The previous embodiment has described the 
method of replacing the heat source unit AA and the in- 
door unit BB with new ones. However, the present in- 
vention also enables replacement of only the heat 
source unit AA with a new one without involvement of 
replacement of the first connecting pipe CC, the indoor 
unit BB, and the second connecting pipe DD. 
[0289] Although the fourth embodiment has de- 
scribed an example in which a single indoor unit BB is 
connected to the refrigeration system, it goes without 
saying that even a refrigeration system including a plu- 
rality of indoor units BB connected in parallel or series 
with each other yields the same advantage as that yield- 
ed by the refrigeration system of the present embodi- 
ment. As is obvious, the same advantage is yielded 
even when a thermal storage ice bath or a thermal stor- 
age water bath (including hot water) is connected in par- 
allel or series with the heat-source-unit-side heat ex- 
changer 3. 

[0290] It is evident that the same advantage as yield- 
ed by the refrigeration system of the present embodi- 
ment is also yielded by a refrigeration system compris- 
ing a plurality of heat source units AA connected in par- 
allel. Obviously, the same advantage as that yielded by 
the previous embodiment is not limited to the refrigera- 
tion unit; the same advantage as in the previously-de- 
scribed embodiment is yielded so long as a thermo- 
compression refrigeration application comprises a unit 
incorporating a heat-source-unit-side heat exchanger 
and another unit incorporating a user-side heat ex- 
changer, the units being remotely spaced away from 
each other. 

[0291] Although, in the fourth embodiment, the refrig- 
eration system is provided with only a single cleaning 
unit EE, the same advantage as that yielded by the re- 
frigeration system of the present embodiment can be 
obviously yielded by even a refrigeration system 
equipped with a plurality of cleaning units EE. 
[0292] The configuration of the refrigeration system of 
the fourth embodiment may be summarized in a way as 
follows: 

[0293] The refrigeration system comprises the first re- 
frigerant circuit for circulating a refrigerant from and to 
the compressor via the heat-source-unit-side heat ex- 
changer, the flow rate regulator, the user-side heat ex- 
changer, and the accumulator, in the sequence given. 
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Further, the refrigeration system comprises the second 
refrigerant circuit for circulating a refrigerant from and 
to the compressor via the user-side heat exchanger, the 
flow rate regulator, the heat-source-unit-side heat ex- 
changer, and the accumulator, in the sequence given. 
[0294] The refrigeration system of the present em- 
bodiment comprises a first bypass channel for intercon- 
necting the user-side heat exchanger and the accumu- 
lator of the first refrigerant circuit and for interconnecting 
the flow rate controller and the heat-source-unit-side 
heat exchanger of the second refrigerant circuit; and ex- 
traneous-matter trapping means for trapping extrane- 
ous matter in the refrigerant. 

[0295] The refrigeration system of the present em- 
bodiment comprises a second bypass channel for inter- 
connecting the heat-source-unit-side heat exchanger 
and the flow rate controller of the first refrigerant circuit 
and for interconnecting the compressor and the user- 
side heat exchanger of the second refrigerant circuit; 
and refrigerant cooling means for cooling the refrigeranl. 
[0296] The refrigeration system further comprises the 
refrigerant cooling means disposed upstream of the ex- 
traneous-matter trapping means of the first bypass 
channel. 

[0297] The refrigeration system further comprises a 
third bypass channel for interconnecting the heat- 
source-unit-side heat exchanger and the flow rate con- 
troller of the first refrigerant circuit and for interconnect- 
ing the compressor and the user-side heat exchanger 
of the second refrigerant circuit; and oil separation 
means for separating an oil component of the refriger- 
ant. 

[0298] Next will be described methods of controlling 
the cleaning operation of the refrigeration system of the 
second embodiment after replacement of a refrigerant. 
[0299] In controlling the cleaning operation of the re- 
frigeration system, the heat source unit AA of the refrig- 
erant circuit (i.e., the refrigeration system) which use a 
CFC or HCFC (i.e., an old refrigerant) is replaced with 
a new. heat source unit AA which use an HFC (i.e., a 
new refrigerant). The indoor unit BB may also be re- 
placed simultaneously. After having been additionally 
recharged, the refrigeration system performs a cleaning 
operation as follows. 

(1) First Control Method 

[0300] The refrigeration system first performs a cool- 
ing operation in a manner as described above as a step 
A of a cleaning operation procedure. 

(2) Second Control Method 

[0301] The refrigeration system first performs a heat- 
ing operation in a manner as described above as a step 
B of a cleaning operation procedure. 
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(3) Third Control Method 

[0302] The refrigeration system performs a cleaning 
operation in the sequence given from the cooling dper- 
s ation as a step A to the heating operation as a step B of 
the cleaning operation procedure. 

(4) Fourth Control Method 

io [0303] An operating capacity of the refrigeration sys- 
tem for a cleaning operation is controlled according to 
the inner diameters of the first and second connecting 
pipes CC and DD which are objects of cleaning. Further, 
the mass velocity of the refrigerant flowing through the 
first and second connecting pipes CC and DD currently 
being cleaned is set to be greater than a predetermined 
value or to fall within a certain range. This applies to step 
A and step B. 

[0304] The features and effects of the above control 
20 methods are same or similar with those as described in 
the first embodiment, so that the duplicated descriptions 
are omitted here. 

Fifth Embodiment 

25 

[0305] FIGS. 14, 15, 16, and 17 are schematic dia- 
grams showing respectively a refrigerant circuit of a re- 
frigeration system, as an example refrigeration system 
according to a fifth embodiment of the present invention. 

30 [0306] Each of these drawings illustrates a case 
where a plurality of user-side refrigerant circuit corre- 
sponding to the user-side refrigerant circuit shown in 
FIGS. 1, 8, 10, and 12 are arranged in parallel, wherein 
the user-side refrigerant circuit each comprises the first 

35 connecting pipe CC, the indoor unit BB (i.e., the flow 
rate regulator 5 and the user-side heat exchanger 6), 
and the second connecting pipe DD. 
[0307] A refrigerant circuit shown in FIG. 14 and con- 
trol of a cleaning operation of the refrigerant circuit will 

40 first be described. 

[0308] In FIG. 14, CCi (where \= 1 through n) denotes 
a first connecting pipe of the i ,h user-side coolant circuit; 
BBi (where i = 1 through n) denotes an indoor unit of the 
i lh user-side coolant circuit; and DDi (where i = 1 through 

45 n) denotes a second connecting pipe of the i^ user-side 
coolant circuit. Further, reference numeral 18ai (where 
i = 1 through n) denotes a fifth electromagnetic valve 
interposed between the i th first connecting pipe CCi and 
the i th indoor unit BBi. 

so [0309] In the case of a multi-indoor-unit air conditioner 
in which a plurality of indoor units BBi are arranged in 
parallel and where refrigerant to be supplied to the first 
and second connecting pipes CCi and DDi is in a gas- 
liquid two-phase state, the gas-liquid refrigerant is usu- 

55 ally distributed unequally at the respective junction 
where the connecting pipe is branched to the indoor unit 
BBi. Although a special structure is required for distrib- 
uting gas-liquid refrigerant equally, since the junctions 
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are embedded in a pipe shaft or a ceiling, replacement 
of the junctions is impossible. For this reason, there may 
arise a case where refrigerant of mass velocity sufficient 
for cleaning may be ensured for a certain indoor unit BB 
but may not be ensured for another indoor unit. 
[031 0] If only the fifth electromagnetic valve 1 8ai of a 
specific indoor unit BBi is opened and the fifth electro- 
magnetic valves 18ai of the other indoor units BBi are 
closed, all of the refrigerant flows into the pipe connect- 
ed to the indoor unit BBi whose fifth electronic valve 1 8ai 
is opened, thereby ensuring refrigerant of mass velocity 
sufficient for cleaning that indoor unit BBi. The fifth elec- 
tromagnetic valves 18ai of the respective indoor units 
Bi are opened in turn, thus ensuring refrigerant of suffi- 
cient mass velocity for cleaning each of the indoor units 
BB in turn. Eventually, the mineral oil of the refrigeration 
system is sufficiently cleaned. 

[0311] A refrigerant circuit shown in FIG. 15 and con- 
trol of a cleaning operation of the refrigerant are now 
described. 

[0312] In FIG. 15, CCi (where i = 1 through n) denotes 
a first connecting pipe of the i th user-side coolant circuit; 
BBi (where i = 1 through n) denotes an indoor unit of the 
i ,h user-side coolant circuit; and DDi (where i = 1 through 
n) denotes a second connecting pipe of the i th user-side 
coolant circuit. Further, reference numeral 18ai (where 
i = 1 through n) denotes a fifth electromagnetic valve 
interposed between the i th connecting pipe CCi and the 
i th indoor unit BBi. 

[031 3] In the case of a multi-indoor-unit air conditioner 
in which a plurality of indoor units BBi are arranged in 
parallel and where refrigerant to be supplied to the first 
and second connecting pipes CCi and DDi is in a gas- 
liquid two-phase state, the gas-liquid refrigerant is usu- 
ally distributed unequally at the respective junction 
where the connecting pipe is branched to the indoor unit 
BBi. Although a special structure is required for distrib- 
uting gas-liquid refrigerant equally, since the junctions 
are embedded in a pipe, shaft or a ceiling, replacement 
of the junctions is impossible. For this reason, there may 
arise a case where refrigerant of mass velocity sufficient 
for cleaning may be ensured for a certain indoor unit BB 
but may not be ensured for another indoor unit. 
[0314] If only the fifth electromagnetic valve 18ai of a 
specific indoor unit BBi is opened and the fifth electro- 
magnetic valves 1 Sai of the other indoor units BBi are 
closed, all of the refrigerant flows into the pipe connect- 
ed to the indoor unit BBi whose fifth electronic valve 1 8ai 
is opened, thereby ensuring refrigerant of mass velocity 
sufficient for cleaning that indoor unit BBi. The fifth elec- 
tromagnetic valves 1 8ai of the respective indoor units 
Bi are opened in turn, thus ensuring refrigerant of suffi- 
cient mass velocity for cleaning each of the indoor units 
BB in turn. Eventually, the mineral oil of the refrigeration 
system is sufficiently cleaned. 

[0315] A refrigerant circuit shown in FIG. 16 and con- 
trol of a cleaning operation of the refrigerant are now 
described. 


[0316] In FIG. 16, CCi (where i= 1 through n) denotes 
a first connecting pipe of the i th user-side coolant circuit; 
BBi (where i = 1 through n) denotes an indoor unit of the 
i th user-side coolant circuit: and DDi (where i = 1 through 

5 n) denotes a second connecting pipe of the i* user-side 
coolant circuit. Further, reference numeral 18ai (where 
i = 1 through n) denotes a fifth electromagnetic valve 
interposed between the i ,h first connecting pipe CCi and 
the i th indoor unit BBi. 

10 [0317] In the case of a multi-indoor-unit air conditioner 
in which a plurality of indoor units BBi are arranged in 
parallel, as has been described in connection with FIG. 
1 4, the refrigeration system is cleaned while only the fifth 
electromagnetic valve 18ai of the indoor unit BBi is 

is opened and the fifth electromagnetic valves 18ai of the 
other indoor units Bi are closed. The fifth electromag- 
netic valves 18ai of the respective indoor units BBi are 
opened in turn, thus ensuring refrigerant of sufficient 
mass velocity for cleaning each of the indoor units BB 

20 in turn. Eventually, the mineral oil of the refrigeration 
system is sufficiently cleaned. 

[0318] A refrigerant circuit shown in FIG. 17 and con- 
trol of a cleaning operation of the refrigerant are now 
described. 

25 [0319] In FIG. 17, CCi (where i= 1 through n) denotes 
a first connecting pipe of the i th user-side coolant circuit; 
BBi (where i = 1 through n) denotes an indoor unit of the 
i th user-side coolant circuit; and DDi (where i = 1 through 
n) denotes a second connecting pipe of the I th user-side 

30 coolant circuit. Further, reference numeral 18ci (where 
i = 1 through n) denotes a seventh electromagnetic 
valve provided at a position in a bypass pipe 18di inter- 
connecting the i th first connecting pipe CCi and the i th 
second connecting pipe DDi. 

35 [0320] In the case of a multi-indoor-unit air conditioner 
in which a plurality of indoor units BBi are arranged in 
parallel, as has been described in connection with FIG. 
14, the refrigeration system is cleaned while only the 
seventh electromagnetic valve 18ci of a specific indoor 

40 unit BBi is opened and the seventh electromagnetic 
valves 18ci of the other indoor units Bi are closed. The 
seventh electromagnetic valves 18ci of the respective 
indoor units BBi are opened in turn, thus ensuring re- 
frigerant of sufficient mass velocity for cleaning each of 

45 the indoor units BB in turn. Eventually, the mineral oil of 
the refrigeration system is sufficiently cleaned. 

Sixth Embodiment 

so [0321] FIG. 18 is a schematic diagram showing an ex- 
ample refrigerant circuit of a refrigeration system ac- 
cording to a sixth embodiment of the present invention. 
In FIG. 18, reference numeral 200a designates temper- 
ature detection means for detecting the temperature of 

55 refrigerant during a cooling operation. The temperature 
detection means 200a is provided at a position in a pipe 
interconnecting the heat-source-unit-side heat ex- 
changer 3 and the first control valve 4. Specifically, the 
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temperature detection means 200a detects the temper- 
ature of the refrigerant to be supplied to the first and 
second connecting pipes CC and DD during a cooling 
operation. Reference numeral 200b designates another 
temperature detection means for detecting the temper- 5 
ature of refrigerant during a heating operation. The tem- 
perature detection means 200b is provided at a position 
in a pipe interconnecting the four-way valve 2 and the 
second control valve 7. Specifically, the temperature de- 
tection means 200b detects the temperature of the re- to 
frigerant to be supplied to the first and second connect- 
ing pipes CC and DD during a heating operation. 
[0322] Reference numeral 201 designates refrigerant 
temperature control means which, upon receipt of a sig- 
nal from the temperature detection means 200a or 200b, ?5 
controls the operation capacity of the compressor 1 and 
the temperature of the refrigerant discharged from the 
compressor 1. 

[0323] Reference numeral 202 designates an additive 
injection device for injecting an addilive for enhancing 20 
the effect of cleaning degradation-inducing residuals (e. 
g., hydrate of Iron chloride or copper chloride) for a min- 
eral oil and refrigeration-oil in the course of a cleaning 
operation. The additive injection device 202 is inter- 
posed between the oil separator 9 and the four-way 2s 
valve 2. 

[0324] In other respects, the refrigeration system of 
the present embodiment is identical in configuration with 
that of the first embodiment shown in FIG. 1 , and hence 
. repetition of its detailed explanation is omitted here. -30 
[0325] The refrigerant temperature control means 
201 compares the temperature detected by either the 
temperature detection means 200a or 200b during a 
cleaning operation with a first predetermined cleaning 
refrigerant temperature TC1. If the detected tempera- 35 
ture is lower than the first cleaning refrigerant tempera- 
ture TC1 (T200<TC1), the operation capacity of the 
compressor 1 is increased so as to increase pressure, 
thereby increasing the detected temperature T200. 
[0326] If the detected temperature T200 is higher than 40 
the first predetermined cleaning refrigerant temperature 
TC1 (T200>TC2), the operation capacity of the com- 
pressor 1 is reduced so as to reduce the drive energy 
of the compressor 1, thus decreasing the temperature 
of discharged refrigerant. 45 
[0327] By means of control of the refrigerant temper- 
ature, the temperature of refrigerant to be supplied to 
the first and second connecting pipes CC and DD during 
a cleaning operation can be controlled to be higher than 
the first predetermined cleaning refrigerant temperature so 
TC1 . As a result, the solubility in refrigerant of the min- 
eral oil remaining in the first and second connecting 
pipes CC and DD is increased, and the viscosity of the 
mineral oil is decreased, thus ensuring a strong cleaning 
effect. In a case where the temperature of new refriger- 55 
ant after replacement of refrigerant is increased to a pre- 
determined temperature or higher, the predetermined 
temperature is preferably set to be the temperature of 
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extraneous matter included in the refrigerant, a temper- 
ature at which extraneous matter included in refrigerant 
begins to be dissolved into new refrigerant, a tempera- 
ture at which the viscosity of residual refrigeration oil be- 
comes roughly the same as the viscosity of new refrig- 
eration oil, or a temperature higher than these temper- 
atures. 

[0328] The hydrate of iron chloride or copper chloride 
remaining in the first and second connecting pipes CC 
and DD significantly induces degradation of new refrig- 
eration oil. So long as the first predetermined cleaning 
refrigerant temperature TC1 is set to be equal to the fus- 
ing point of such a hydrate or higher than a temperature 
at which the hydrate is dissolved in the refrigerant, the 
temperature of the refrigerant to be supplied to the first 
and second connecting pipes CC and DD in the course 
of a cleaning operation can be set equal to the fusing 
point of such a hydrate or higher than a temperature at 
which the hydrate is dissolved into refrigerant, through 
a refrigerant temperature control operation. Conse- 
quently, the hydrate of iron chloride or copper chloride 
can be cleaned, thus enabling an improvement in the 
reliability of the compressor 1 . 

[0329] The additive injection device 202 injects : into 
the refrigerant, an additive for enhancing the effect of 
cleaning degradation-inducing residuals (e.g., hydrate 
of iron chloride or copper chloride) for a mineral oil and 
refrigeration-oil in the course of a cleaning operation. 
[0330] FIG. 19 is a cross-sectional view showing an 
example of the additive injection device 202. The struc- 
ture and operation of the additive injection device 202 
will be described with reference to FIG. 19. In FIG. 19, 
reference numeral 203 designates a container for stor- 
ing an additive in a sealed manner; 204 designates a 
refrigerant inlet pipe provided in the top of the container 
203; 205 designates a refrigerant outlet pipe formed in 
the top of the container 203; 206 designates an additive 
supply bypass channel interconnecting the bottom of 
the container 203 and the outlet pipe 205; 207 desig- 
nates additive supply control means provided at a posi- 
tion in the additive supply bypass channel; 208 desig- 
nates an additive sealed in the container 203 before a 
cleaning operation; and 209 designates additive deple- 
tion detection means for detecting depletion of the ad- 
ditive. A built-in lead switch is provided in a lower portion 
of the additive depletion detection means 209. A magnet 
insert -molded in a float 210 generates a magnetic field. 
When the float 210 is located at the bottom of the con- 
tainer 203, the magnetic field induces a short circuit in 
a signal line, thus detecting depletion of an additive. 
[0331] During a cleaning operation, gaseous refriger- 
ant enters the container 203 from the inlet pipe 204 and 
exits through the outlet pipe 205. Substantially zero dy- 
namic pressure arises in the container 203, and the dy- 
namic pressure becomes great in the outlet pipe 205. 
Therefore, a pressure difference arises across the en- 
trance and exit of the additive supply control means 207. 
By means of this pressure differential, an additive 208 
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is supplied to the outlet pipe 205 from the inside ol the 
container 203 The additive supply control means 207 
is made of, for example, an orifice, a capillary, or an elec- 
tric expansion valve and is configured so as to supply 
the additive 208 little by little. The additive charged into s 
the refrigerant is supplied to the first and second con- 
necting pipes CC and DD together with the refrigerant, 
thus cleaning degradation-inducing residuals (e.g., hy- 
drate of iron chloride or copper chloride) for residual 
mineral oil and refrigeration-oil. The additive again re- 10 
turns to the heat source unit AA (or the cleaning unit 
EE), where the additive is trapped by the extraneous- 
matter trapping means 13. Therefore, a very small 
amount of additive returns to the compressor 1 . 
[0332] The only requirements imposed on an additive ^ 
are that the additive dissolves a mineral oil, has a vis- 
cosity lower than that of a mineral oil or is likely to dis- 
solve in HFC refrigerant (a first additive requirement), 
has a boiling point higher than that of the refrigerant, 
and becomes liquid even when refrigerant exists in a 20 
gaseous form in a refrigeration cycle (a second additive 
requirement). 

[0333] More preferably, the additive also easily dis- 
solves refrigeration-oil degradation-inducing residuals 
(e.g., hydrate of iron chloride or copper chloride) (a third 2s 
additive requirement). So long as an additive is formed 
from a substance which does not pose any problem in 
reliability even when the substance enters the compres- 
sor 1 (a fourth additive requirement), the additive 
presents no problem, even if the additive is insufficiently 30 
trapped by the extraneous-matter trapping mechanism 
13. 

[0334] Ester oil, ether oil, or alkylbenzene oil can be 
taken as such a substance. Ester oil and ether oil easily 
dissolve mineral oil and are likely to be dissolved in HFC 35 
refrigerant. Alkylbenzene oil easily dissolves mineral oil 
and is dissolved more easily in HFC refrigerant than in 
mineral oil. So long as there is used ester oil, ether oil, 
or alkylbenzene oil, which is of a lower viscosity grade 
than is common refrigeration oil, the additive becomes 40 
lower in viscosity than mineral oil. As mentioned above, 
ester oil, ether oil, and alkylbenzene oil satisfy the first 
additive requirement. 

[0335] Ester oil, ether oil, and alkylbenzene oil have 
boiling points higher than that of refrigerant. Even when 45 
refrigerant is present in a gaseous form in a refrigeration 
cycle, these oils assume a liquid form. Therefore, these 
oils satisfy the second additive requirement. 
[0336] Ester oil, ether oil, and alkylbenzene oil are 
likely to dissolve refrigeration-oil degradation-inducing so 
residuals (e.g., hydrate of iron chloride or copper chlo- 
ride), thus satisfying the third additive requirement. 
[0337] In a case where ester oil is used as refrigera- 
tion oil, no particular problem arises in terms of reliability 
even if an additive enters the compressor 1 , so long as 55 
ester oil is used as an additive. Similarly, in a case where 
ether oil is used as refrigeration oil, no particular prob- 
lem arises in terms of reliability even if an additive enters 
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the compressor 1 , so long as ether oil is used as an ad- 
ditive. Thus, in a case where a single substance is used 
as the refrigeration oil and the additive, no particular 
problem arises in the reliability of the compressor; re- 
gardless of the amount of additive entering the compres- 
sor 1. 

[0338] In a case where ester oil is used as refrigera- 
tion oil and etheroil is used as an additive or where ether 
oil is used as refrigeration oil and ester oil is used as an 
additive, no particular problem arises in the reliability of 
the compressor if a small amount of additive enters the 
compressor 1. 

[0339] In a case where ester or ether oil is used as 
refrigeration oil and alkylbenzene oil is used as an ad- 
ditive, no particular problem arises in the reliability of the 
compressor if a small amount of additive enters the com- 
pressor 1 . 

[0340] In.these cases, these oils satisfy the fourth ad- 
ditive requirement. 

Seventh Embodiment 

[0341] FIG. 20 is a schematic diagram showing a re- 
frigerant circuit of a refrigeration system according to a 
seventh embodiment of the present invention. 
[0342] In FIG. 20, reference numeral 200 designates 
refrigerant temperature detection means disposed at a 
position in the pipe interconnecting the cooling means 
12a and the second selector valve 11. The refrigerant 
temperature detection means 200 detects the tempera- 
ture of refrigerant to be supplied to the first and second 
connecting pipes CC and DD during a cooling/cleaning 
operation and a heating/cleaning operation. 
[0343] Reference numeral 201 designates refrigerant 
temperature control means which, upon receipt of a sig- 
nal from the temperature detection means 200, controls 
the operation capacity of the compressor 1 and the tem- 
perature of the refrigerant discharged from the compres- 
sor 1. 

[0344] Reference numeral 202 designates an additive 
injection device for injecting an additive for enhancing 
the effect of cleaning degradation-inducing residuals (e. 
g., hydrate of iron chloride or copper chloride) for a min- 
eral oil and refrigeration-oil in the course of a cleaning 
operation. The additive injection device 202 is inter- 
posed between the first selector valve 10 and the cool- 
ing means 12a. 

[0345] In other respects, the refrigeration system of 
the present embodiment is identical in configuration with 
that of the first embodiment shown in FIG. 1 0, and hence 
repetition of its detailed explanation is omitted here. 
[0346] The refrigerant temperature control means 
201 operates in the same manner as described in con- 
nection with FIG. 18, thus changing the operation ca- 
pacity of the compressor 1 and controlling the temper- 
ature of the refrigerant discharged from the compressor 
1. 

[0347] Through a refrigerant temperature control op- 
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eration, the temperature of the refrigerant to be supplied 
to the first and second connecting pipes CC and DD dur- 
ing a cleaning operation can be set to be higher than the 
predetermined first cleaning refrigerant temperature 
TC1 . Consequently, the solubility in the refrigerant of the 
mineral oil remaining in the first and second connecting 
pipes CC and DD is increased, and the viscosity of the 
mineral oil is decreased, thus ensuring a strong cleaning 
effect. Repetition of detailed explanation is omitted here. 
[0348] The structure and operation of the additive in- 
jection device 202 are the same as those of the additive 
injection device 202 of the sixth embodiment described 
by reference to FIGS. 18 and 19. Further, the additive 
is identical in function with that employed in the sixth 
embodiment. Hence, repetition of their explanations is 
omitted here for brevity. 

Eighth Embodiment 

[0349] FIG. 21 is a schematic diagram showing a re- 
frigerant circuit of a refrigeration system according to an 
eighth embodiment of the present invention. 
[0350] In FIG. 21 , reference numeral 200 designates 
refrigerant temperature detection means disposed at a 
position in the pipe interconnecting the second flow rate 
control means 1 6 and the second selector valve 1 1 . The 
refrigerant temperature detection means 200 detects 
the temperature of refrigerant to be supplied to the first 
and second connecting CC and DD during a cooling/ 
cleaning operation and a heating/cleaning operation. 
[0351] Reference numeral 201 designates refrigerant 
temperature control means which, upon receipt of a sig- 
nal from the temperature detection means 200, controls 
the operation capacity of the compressor 1 and the tem- 
perature of the refrigerant discharged from the compres- 
sor 1. 

[0352] Reference numeral 202 designates an additive 
injection device for injecting an additive for enhancing 
the effect of cleaning a mineral oil and refrigeration-oil 
degradation-inducing residuals (e.g., hydrate of iron 
chloride or copper chloride) in the course of a cleaning 
operation. The additive injection device 202 is inter- 
posed between the first selector valve 10 and the cool- 
ing means 12a. 

[0353] In other respects, the refrigeration system of 
the present embodiment is identical in configuration with 
that of the fourth embodiment shown in FIG. 12, and 
hence repetition of its detailed explanation is omitted 
here. 

[0354] The refrigerant temperature control means 
201 operates in the same manner as described in con- 
nection with FIG. 18, thus changing the operation ca- 
pacity of the compressor 1 and controlling the temper- 
ature of the refrigerant discharged from the compressor 
1. 

[0355] Through a refrigerant temperature control op- 
eration, the temperature of the refrigerant to be supplied 
to the first and second connecting pipes CC and DD dur- 
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ing a cleaning operation can be set to be higher than the 
predetermined first cleaning refrigerant temperature 
TC1 . Consequently, the solubility in the refrigerant of the 
mineral oil remaining in the first and second connecting 

5 pipes CC and DD is increased and the viscosity of the 
mineral oil is decreased, thus ensuring a strong cleaning 
effect. Repetition of detailed explanation is omitted here. 
[0356] The structure and operation of the additive in- 
jection device 202 are the same as those of the additive 

10 injection device 202 of the fifth embodiment described 
by reference to FIGS. 1 4 through 17. Further, the addi- 
tive is identical in function with that employed in the fifth 
embodiment. Hence, repetition of their explanations is 
omitted here for brevity. 

75 

Other Modifications 

[0357] Various modifications of or addition of ele- 
ments to the present invention are conceivable. Modifi- 
cations of the present invention other than those men- 
tioned previously will now be described. 
[0358] In connection with a refrigeration system of an- 
other embodiment, there is provided a method of replac- 
ing CFC or HCFC with HFC in a refrigerant circuit com- 
prising a compressor, a hoat-source-unit-side heat ex- 
changer, a user-side heat exchanger, a first connecting 
pipe interconnecting one end of the heat-source-unit- 
side heat exchanger and one end of the user-side heat 
exchanger, and a second connecting pipe interconnect- 
ing the other end of the user-side heat exchanger and 
the compressor, in which the pipe having the highertem- 
perature from among the first and second connecting 
pipes after the final operation prior to replacement of re- 
frigerant is taken as an upstream pipe and the other pipe 
having a lower temperature is taken as a downstream 
pipe, and new (i.e., post-replacement) HFC refrigerant 
is caused to flow from the upstream pipe to the down- 
stream pipe after replacement of refrigerant while the 
compressor is used as a drive source, thereby improv- 
ing a cleaning effect. 

[0359] Preferably, new HFC refrigerant is caused to 
flow into the first and second connecting pipes without 
involvement of addition of the additive after replacement 
of refrigerant while the compressor is taken as a drive 
source: Next, the additive is injected to upstream por- 
tions of the first and second connecting pipes, and the 
additive is caused to flow through the first and second 
connecting pipes together with new HFC refrigerant 
while the compressor is taken as a drive source, thereby 
enhancing a cleaning effect to a much greater extent. 
[0360] Preferably, new HFC refrigerant — which is 
caused to flow to the first and second connecting pipes 
after the additive has been injected to the first and sec- 
ond connecting pipes after replacement of refrigerant 
while the compressor is taken as a drive source — is 
brought into a gaseous single phase state, thereby im- 
proving a cleaning effect to a much greater extent. 
[0361] Preferably, an additive recovery device is pro- 
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vided at a position, which is downstream of the first and 
second connecting pipes and is upstream of the com- 
pressor, thereby recovering the additive. Thereby, the 
cleaning effect of the refrigeration system can be im- 
proved to a much greater extent. s 
[0362] Preferably, a recovery device is provided at a 
posittoa which is downstream of the first and second 
connecting pipes and is upstream of the compressor, 
thereby recovering refrigeration oil before replacement 
of refrigerant as well as the additive. Thereby, the clean- to 
ing effect of the refrigeration system can be improved to 
a much greater extent. 

[0363] Preferably, the refrigeration oil recovery device 
and the additive recovery device are arranged in parallel 
at a position which is downstream of the first and second *s 
connecting pipes and upstream of the compressor. A re- 
covery device selector valve is provided at the entrance 
of the refrigeration oil recovery device and the entrance 
of the additive recovery device, so as to enable switch- 
able connection of the first and second connecting pipes 20 
to the refrigeration oil recovery device or the additive • 
recovery device. Before injection of an additive, the re- 
covery device selector valve is switched to the refriger- 
ation oil recovery switch. After injection of an additive, 
the recovery device selector switch is switched to the 25 
additive recovery device. As a result, the old (i.e., pre- 
replacement) refrigeration oil can be recovered by the 
refrigeration oil recovery device, and the additive can be 
recovered by the additive recovery device. Thus, the old 
refrigeration oil and the additive can be recovered sep- 30 
arately from each other, thus improving a cleaning effect 
to a much greater extent. 

[0364] Preferably, the additive injection device is 
placed at a position, which is upstream of the first and 
second connecting pipes and downstream of the com- 35 
pressor, and there is also provided additive migration 
means for causing the additive to migrate from the ad- 
ditive recovery device to the additive injection device. 
As a result, an additive is continuously injected into the 
first and second connecting pipes, thereby improving a 40 
cleaning effect to a much greater extent. 
[0365] Preferably, the additive migration means is 
comprised by a pipe, which interconnects the additive 
injection device and the additive recovery device, and a 
pump provided at a position in the pipe, thereby improv- 45 
ing a cleaning effect to a much greater extent. 
[0366] Preferably, there is provided a pipe : which in- 
terconnects the additive injection device and the addi- 
tive recovery device, and a check valve is provided at a 
position in the pipe for allowing flow of an additive from so 
the additive recovery device to the additive injection de- 
vice but inhibits reverse flow of the additive. The additive 
recovery device is located at a position higher than that 
of the additive injection device. Further, there is provided 
additive migration means. When depletion of the addi- ss 
tive stored in the additive injection device is detected or 
a predetermined period of time has elapsed, the additive 
migration means brings the compressor into a resting 
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state, thereby balancing the pressure of the additive in- 
jection device with the pressure of the additive recovery 
device; and causing the thus-recovered additive to mi- 
grate from the additive recovery device to the additive 
injection device under the force of gravity. 
[0367] Preferably, a first additive injection/recovery 
device and a second additive injection/recovery device 
are disposed such that the first and second connecting 
pipes are interposed therebetween. There is provided 
an additive flow direction selector valve. During a period 
in which an additive is stored in the first additive injec- 
tion/recovery device, the additive flow direction selector 
valve causes the new HFC refrigerant and the additive 
to flow in the sequence given from the compressor, the 
first additive injection/recovery device, the first and sec- 
ond connecting pipes, the second additive injection/re- 
covery device, and the compressor while the compres- 
sor is used as a drive source. When the additive stored 
in the first additive injection/recovery device becomes 
depleted and the additive is accumulated in the second 
additive injection/recovery device, the additive flow di- 
rection selector causes the new HFC refrigerant and the 
additive to flow, in the sequence given from the com- 
pressor, through the second additive injection/recovery 
device, the first and second connecting pipes, the first 
additive/recovery device, and the compressor, while the 
compressor is taken as a drive source. Consequently, 
the cleaning effect of the refrigeration system can be im- 
proved to a much greater extent. 
[0368] The present invention has been embodied as 
described above. The features and the advantages of 
the present invention as exemplified in the first through 
eighth embodiments may be summarized as follows. 
[0369] According to one aspect, the present invention 
provides a method of replacing a refrigeration system 
using old refrigerant with another refrigeration system 
using new refrigerant, wherein the refrigeration system 
is caused to perform a cleaning operation by causing 
new refrigerant to flow into a first connecting pipe inter- 
connecting a heat-source-unit-side heat exchanger and 
a user-side heat exchanger, and a second connecting 
pipe interconnecting the user-side heat exchanger and 
the compressor, in the sequence given, while the com- 
pressor is used as a drive source. As a result, extrane- 
ous matter remaining in the connecting pipes, such as 
the old refrigerant, a mineral oil, and a deteriorated min- 
eral oil, is separated and trapped, thereby enabling re- 
placement of old refrigerant with new, environmentally- 
friendly refrigerant. 

[0370] According to another aspect, the present in- 
vention provides a method of replacing a refrigeration 
system using old refrigerant with another refrigeration 
system using new refrigerant, wherein the refrigeration 
system is caused to perform a cleaning operation by 
causing new refrigerant to flow into a second connecting 
pipe interconnecting a user-side heat exchanger and a 
compressor, and a first connecting pipe interconnecting 
a heat-source-unit-side heat exchanger and the user- 
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side heat exchanger, in the sequence given, while the 
compressor is used as a drive source. As a result, ex- 
traneous matter remaining in the connecting pipes, such 
as the old refrigerant, a mineral oil, and a deteriorated 
mineral oil, is separated and trapped, thereby enabling 
replacement of old refrigerant with new, environmental- 
ly-friendly refrigerant. 

[0371] According to another aspect, the present in- 
vention provides a method of replacing a refrigeration 
system using old refrigerant with another refrigeration 
system using new refrigerant, wherein the refrigeration 
system is made to perform a cleaning operation after 
replacement of refrigerant by causing new refrigerant to 
flow into a first connecting pipe interconnecting a heat- 
source-unit-side heat exchanger and a user-side heat 
exchanger, or into a second connecting pipe intercon- 
necting a user-side heat exchanger and a compressor, 
such that the refrigerant flows from an upstream, larger- 
diameter pipe to a downstream, smaller-diameter pipe, 
while the compressor is used as a drive source. As a 
result, extraneous matter remaining in the connecting 
pipes, such as the old refrigerant, a mineral oil, and a 
deteriorated mineral oil, is separated and trapped, 
thereby enabling replacement of old refrigerant with 
new, environmentally-friendly refrigerant. 
[0372] According to another aspect, the present in- 
vention provides a method of replacing a refrigeration 
system using old refrigerant with another refrigeration 
system using new refrigerant, wherein the refrigeration 
system is caused to perform a cleaning operation after 
replacement of refrigerant, by causing new refrigerant 
to flow into a first connecting pipe interconnecting a 
heat-source-unit -side heat exchanger and a user-side 
heat exchanger, and a second connecting pipe intercon- 
necting the user-side heat exchanger and the compres- 
sor, in the sequence given, or to flow in the reverse se- 
quence, while the compressor is used as a drive source. 
As a result, extraneous matter remaining in the connect- 
ing pipes, such as the old refrigerant, a mineral oil, and 
a deteriorated mineral oil, is separated and trapped, 
thereby enabling replacement of old refrigerant with 
new, environmentally-friendly refrigerant. 
[0373] According to another aspect, the present in- 
vention provides a method of replacing a refrigeration 
system using old refrigerant with another refrigeration 
system using new refrigerant, wherein the refrigeration 
system is caused to perform a cleaning operation after 
replacement of refrigerant by causing new refrigerant to 
flow at a mass velocity greater than a predetermined val- 
ue (preferably, 150 kg/s*cm 2 ) into a first connecting pipe 
interconnecting a heat-source-unit-side heat exchanger 
and a user-side heat exchanger, and a second connect- 
ing pipe interconnecting the user-side heat exchanger 
and the compressor, in the sequence given, while the 
compressor is used as a drive source. As a result, ex- 
traneous matter remaining in the connecting pipes, such 
as the old refrigerant, a mineral oil, and a deteriorated 
mineral oil, is separated and trapped, thereby enabling 


replacement of old refrigerant with new, environmental- 
ly-friendly refrigerant. 

[0374] According to another aspect, the present in- 
vention provides a method of replacing a refrigeration 

s system using old refrigerant to another refrigeration sys- 
tem which uses new refrigerant and is provided with a 
plurality of user-side refrigerant circuits arranged in par- 
allel, each refrigerant circuit comprising an indoor unit 
and a connecting pipe thereof, wherein the refrigeration 

10 system is cleaned by causing to flow new refrigerant by 
sequentially selecting a plurality of user-side refrigerant 
circuits, while the compressor is used as a drive source. 
As a result, extraneous matter remaining in the connect- 
ing pipes, such as the old refrigerant, a mineral oil, and 

15 a deteriorated mineral oil, is separated and trapped, 
thereby enabling replacement of old refrigerant with 
new. environmentally-friendly refrigerant. 
[0375] -According to another aspect, the present in- 
vention provides a method of replacing a refrigeration 

20 system using old refrigerant with another refrigeration 
system using new refrigerant, wherein the refrigeration 
system is made to perform a cleaning operation after 
replacement of refrigerant, by causing new (i.e., post- 
replacement) refrigerant, which has been heated to a 

25 predetermined temperature or higher, to flow into a first 
connecting pipe interconnecting a heat-source-unit-side 
heat exchanger and a user-side heat exchanger, and a 
second connecting pipe interconnecting the user-side 
heat exchanger and the compressor, in the sequence 

30 given, while the compressor is used as a drive source. 
The predetermined temperature is preferably set to be 
the temperature of extraneous matter included in the re- 
frigerant, a temperature at which extraneous matter in- 
cluded in refrigerant begins to dissolve into new refrig- 

55 erant, a temperature at which the viscosity of residual 
refrigeration oil becomes roughly the same as that of 
new refrigeration oil, or a temperature higher than these 
temperatures. As a result, extraneous matter remaining 
in the connecting pipes, such as the old refrigerant, a 

40 mineral oil, and a deteriorated mineral oil, is separated 
and trapped, thereby enabling replacement of old refrig- 
erant with new, environmentally-friendly refrigerant. 
[0376] According to another aspect, the present in- 
vention provides a method of replacing a refrigeration 

45 system using old refrigerant with another refrigeration 
system using new refrigerant, wherein the refrigeration 
system is caused to perform a cleaning operation after 
replacement of refrigerant, by means of injecting an ad- 
ditive — which is likely to dissolve old (i.e., pre-replace- 

50 ment) refrigeration oil and has a viscosity equal to or 
lower than that of the refrigeration oil — to an upstream 
position relative to a first connecting pipe interconnect- 
ing a heat-source-unit-side heat exchanger and a user- 
side heat exchanger and a second connecting pipe in- 

55 terconnecting the user-side heat exchanger and the 
compressor, and by means of causing new refrigerant 
to flow through the first and second connecting pipes 
together with the additive, while the compressor is used 
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as a drive source. As a result, extraneous matter re- 
maining in the connecting pipes, such as the old refrig- 
erant, a mineral oil, and a deteriorated mineral oil, is sep- 
arated and trapped, thereby enabling replacement of old 
refrigerant with new, environmentally-friendly refriger- 
ant. 

[0377] According to another aspect, the present in- 
vention provides a method of replacing a refrigeration 
system using old refrigerant with another refrigeration 
system using new refrigerant, wherein the refrigeration 
system is made to perform a cleaning operation after 
replacement of refrigerant, by means of injecting an ad- 
ditive — which is likely to dissolve old refrigeration oil and 
is likely to be dissolved in new refrigerant — to an up- 
stream position relative to a first connecting pipe inter- 
connecting a heat-source-unit-side heat exchanger and 
a user-side heat exchanger and a second connecting 
pipe interconnecting the user-side heat exchanger and 
the compressor, and by means of causing new refriger- 
ant lo flow through the first and second connecting pipes 
together with the additive, while the compressor is used 
as a drive source. As a result, extraneous matter re- 
maining in the connecting pipes, such as the old refrig- 
erant, a mineral oil, and a deteriorated mineral oil, is sep- 
arated and trapped, thereby enabling replacement of old 
refrigerant with new, environmentally-friendly refriger- 
ant. 

[0378] According to another aspect, the present in- 
vention provides a method of replacing a refrigeration 
system using old refrigerant with another refrigeration 
system using new refrigerant, wherein the refrigeration 
system is caused to perform a cleaning operation after 
replacement of refrigerant, by means of injecting new 
refrigeration oil, as an additive, to an upstream position 
relative to a first connecting pipe interconnecting a heat- 
source-unit-side heat exchanger and a user-side heat 
exchanger and a second connecting pipe interconnect- 
ing the user-side heat exchanger and the compressor, 
and by means of causing the new refrigeration oil (here- 
inafter often referred to as a post-replacement refriger- 
ation oil) to flow into the first and second connecting 
pipes together with the new refrigerant, while the com- 
pressor is used as a drive source. As a result, extrane- 
ous matter remaining in the connecting pipes, such as 
the old refrigerant, a mineral oil, and a deteriorated min- 
eral oil, is separated and trapped, thereby enabling re- 
placement of old refrigerant with new, environmentally- 
friendly refrigerant. 

[0379] According to another aspect, in the method of 
replacing a refrigeration system of the present invention, 
an existing heat source unit of an existing refrigeration 
system is replaced with a new heat source unit compris- 
ing an oil separator and extraneous-matter trapping 
means, and existing refrigerant can be replaced with 
new refrigerant. 

[0380] Thus, the existing refrigeration system using 
old refrigerant can be updated to a new refrigeration sys- 
tem using new refrigerant. 


[0381] According to another aspect, in the method of 
replacing a refrigeration system of the present invention, 
the refrigeration oil separated by the oil separator and 
the refrigerant diverted from the refrigerant circuit' are 
s merged into a single stream, and the thus-merged 
stream iscaused to flow into the extraneous-mattertrap- 
ping means, where extraneous matter included in refrig- 
erant is trapped. As a result, residual extraneous matter 
included in refrigerant can be more efficiently separated 
10 and trapped. 

[0382] According to another aspect, in the method of 
replacing a refrigeration system of the present invention, 
an existing heat source unit of an existing refrigeration 
system is replaced with a new heat source unit compris- 
es ing an oil separator and extraneous-matter trapping 
means, and existing refrigerant can be replaced with 
new refrigerant. After replacement of refrigerant, the re- 
frigeration system performs a cleaning operation 
through use of the new refrigerant. 
20 [0383] As a result, the refrigeration system can be ef- 
fectively cleaned through use of new refrigerant. 
[0384] According to another aspect, in the method of 
replacing a refrigeration system of the present invention, 
an existing heat source unit of an existing refrigeration 
25 system is replaced with a new heat source unit compris- 
ing an oil separator and extraneous-matter trapping 
means, and existing refrigerant can be replaced with 
new refrigerant through reuse of an existing indoor unit 
and existing refrigerant pipes. 
30 [0385] As a result, the existing refrigeration system 
using old refrigerant can be updated to a new refrigera- 
tion system using new refrigerant by utilization of an ex- 
isting indoor unit and existing refrigerant pipes, through 
replacement of only the heat source unit. 

35 

Ninth Embodiment 

[0386] FIG. 22 is a schematic diagram showing a re- 
frigerant circuit of an air conditioner as an example re- 

40 frigeration system (or a refrigeration air conditioner) ac- 
cording to a ninth embodiment of the present invention. 
[0387] In FIG. 22, reference symbol AA designates a 
heat source unit accommodating a compressor 1, a 
four-way valve 2, a heat exchanger 3 on a heat-source- 

45 unit-side, a first control valve 4, a second control valve 
7, an accumulator 8, and an oil separator 9. 
[0388] The oil separator 9 is provided in an outlet pipe 
of the compressor 1, and separates a refrigeration oil 
from a refrigerant which is discharged from the com- 

50 pressor 1. Reference numeral 9a designates a bypass 
channel extending from the bottom of the oil separator 
9 to an inlet pipe of the compressor 1 . An oil return hole 
8a is formed in a lower portion of a U-shaped outlet pipe 
of the accumulator 8. 

55 [0389] Reference symbol BB designates an indoor 
unit equipped with a first flow rate regulator 5a (corre- 
sponding to a user-side restrictor) and a user-side heat 
exchanger 6. 
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[0390] Reference symbol CC designates a first con- 
necting pipe whose one end is connected to the heat- 
source-unit-side heat exchanger 3 via the first control 
valve 4 and whose other end is connected to a second 
flow rate regulator 5. 5 
[0391] Reference symbol DD designates a second 
connecting pipe whose one end is connected to the four- 
way valve 2 via the second control valve 7 and whose 
other end is connected to the user-side heat exchanger 
6. to 
[0392] The heat source unit AA and the indoor unit BB 
are remotely separated from each other and intercon- 
nected via the first connecting pipe CC and the second 
connecting pipe DD, thus constituting a refrigeration cy- 
cle, is 
[0393] The refrigeration system uses, as refrigerant 
(hereinafter also called a "new refrigerant", as required), 
R407C, which is an HFC (hydrofluorocarbon), and cor- 
responds to non-azeotropic mixture refrigerant. Further, 
the refrigeration system uses, as refrigeration oil, alkyl- 20 
benzene oil-which has very low mutual solubility with re- 
spect to R407C and has a density lower than that of liq- 
uid refrigerant. 

[0394] Next will be described procedures for replacing 
a deteriorated refrigeration system using a CFC (chlo- 25 
rofluorocarbon) or HCFC (hydrofluorocarbon) (which 
are hereinafter called "old refrigerant", as required) with 
a refrigeration system using an HFC (new refrigerant). 
Old refrigerant CFC or HCFC is recovered from the ex- 
isting refrigeration system, and the heat source unit AA 30 
is replaced with a new heat source unit AA as shown in 
FIG. 22. The first connecting pipe CC, the second con- 
necting pipe DD, and the indoor unit BB used for the 
refrigeration system using the old HCFC refrigerant are 
reused. Since the new heat source unit AA has been 35 
charged with new refrigerant HFC in advance, the re- 
frigeration system is evacuated while the first control 
valve 4 and the second control valve 7 remain closed 
and the indoor unit BB, the first connecting pipe CC, and 
the second connecting pipe DD are connected to the 40 
refrigeration system. Subsequently, the first control 
valve 4 and the second control valve 7 are opened, and 
the refrigeration system is additionally charged with an 
HFC. The refrigeration system performs an ordinary 
cooling operation without involvement of carrying out a 45 
cleaning operation. 

[0395] An ordinary air-conditioning operation will now 
be described by reference to FIG. 22. Solid arrows in 
the drawing depict the flow of a refrigerant during a cool- 
ing operation of the refrigeration system, and broken ar- 50 
rows depict the flow of a refrigerant during a heating op- 
eration. 

[0396] First will be described the flow of a refrigerant 
during a cooling operation. The refrigerant is com- 
pressed by the compressor 1 to become a hot, high-tern- 55 
perature gas; is discharged from the compressor 1 to- 
gether with a refrigeration oil, i.e., alkylbenzene oil; and 
enters the oil separator 9. In the oil separator 9, the alkyl- 


benzene oil is separated from the gaseous refrigerant, 
and a trace amount of alkylbenzene oil and the gaseous 
refrigerant flow, via the four-way valve 2, into the heat- 
source-unit-side heat exchanger 3, where the gaseous 
refrigerant exchanges heat with a heat source medium, 
such as water or air, and is condensed. The thus-con- 
densed refrigerant flows into the first connecting pipe 
CC via the first control valve 4. The liquid refrigerant 
flows into the first flow rate regulator 5, where the liquid 
refrigerant is decompressed to a low pressure so as to 
assume a low-pressure, two-phase state. The refriger- 
ant then exchanges heat with a user-side medium, such 
as air, in the user-side heat exchanger 6 and evapo- 
rates. The thus-evaporated refrigerant flows into the 
second connecting pipe DD and then returns to the com- 
pressor 1 via the second control valve 7, the four-way 
valve 2, and the accumulator 8. 
[0397] Meanwhile, the alkylbenzene oil which has 
been separated from the gaseous refrigerant by the oil 
separator 9 returns lo the compressor 1 via the bypass 
channel 9a. 

[0398] Next will be described the flow of a refrigerant 
during a heating operation of the refrigeration system. 
The refrigerant is compressed by the compressor 1 to 
become a hot, high-pressure gas; is discharged from the 
compressor 1 together with alkylbenzene oil; and enters 
the oil separator 9, where the alkylbenzene oil is sepa- 
rated from the gaseous refrigerant. A trace amount of 
alkylbenzene oil and the gaseous refrigerant flow into 
the second connecting pipe DD via the four-way valve 
2 and the second control valve 7. The gaseous refriger- 
ant flows into the user-side heat exchanger 6, where the 
liquid refrigerant exchanges heat with a user-side me- 
dium, such as air, in the user-side heat exchanger 6 and 
evaporates. The thus-evaporated refrigerant flows into 
flows into the first flow rate regulator 5, where the refrig- 
erant is decompressed so as to assume a low-pressure, 
two-phase state. The thus-decompressed refrigerant 
flows into the first connecting pipe CC. Subsequently, 
the refrigerant flows via the first control valve 4 into the 
heat-source-unit-side heat exchanger 3, where the re- 
frigerant exchanges heat with heat source medium, 
such as air or water, and evaporates. The thus-evapo- 
rated refrigerant returns to the compressor 1 via the 
four-way valve 2 and the accumulator 8. 
[0399] Meanwhile, the alkylbenzene oil which has 
been separated from the gaseous refrigerant by the oil 
separator 9 returns to the compressor 1 via the bypass 
channel 9a. 

[0400] The behavior of alkylbenzene oil in the refrig- 
eration cycle will next be described. 
[0401] FIG. 23 shows the measurement result of a 
solubility of alkylbenzene oil in new liquid refrigerant 
R407C at a mass ratio, i.e. a mass of alkylbenzene oil/ 
(mass of alkylbenzene oil + the amount of refrigerant), 
at which alkylbenzene oil added to the refrigerant is sep- 
arated from the refrigerant and starts changing to a whit- 
ish liquid. The vertical axis represents the temperature 
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of liquid refrigerant, and the horizontal axis represents 
the solubility of alkylbenzene oil in R407C refrigerant. 
As can be seen from the drawing, alkylbenzene oil is 
slightly soluble in R407C liquid refrigerant, and the sol- 
ubility of alkylbenzene oil lowers with a decrease in the 
temperature of the liquid refrigerant. In a case where the 
amount of alkylbenzene oil, which has not been sepa- 
rated by the oil separator 9 and is discharged from the 
compressor 1 to flow into the four-way valve 2, is lower 
than its solubility, then all of the alkylbenzene oil dis- 
solves into the liquid refrigerant of a single liquid phase. 
[0402] Given that the flow ratio of a trace amount of 
alkylbenzene oil which has been discharged from the 
compressor 1 , not being separated by the oil separator 
9, and flows to the four-way valve 2 is taken as a, the 
solubility of alkylbenzene oil in the liquid refrigerant in 
the accumulator 8 is taken as p, an inflow/outflow dry- 
ness of the accumulator 8 is taken as Xr, and the mass 
ratio of alkylbenzene oil in the liquid refrigerant in the 
accumulator 6 is taken as y, there is derived y=af{a+ 
(1-Xr)}. If the value of y is smaller than (i; that is, u<|5«( 
(1-Xr)/(1-[3), alkylbenzene oil dissolves in the liquid re- 
frigerant in the accumulator 8 and does not remain in 
the accumulator 8. 

[0403] FIG. 24 is a graph for describing the reason for 
this. The vertical axis represents the flow ratio a of a 
trace amount of alkylbenzene oil which has not been 
separated by the oil separator 9 and flows to the four- 
way valve 2, and the horizontal axis represents the in- 
flow dryness Xr of the accumulator 8. A solid line in the 
graph represents the limit line at which alkylbenzene oil 
dissolves in the liquid refrigerant of the accumulator 8. 
If the separation performance of the oil separator 9 is 
improved such that the mass ratio a of alkylbenzene oil 
falls within a range below the solid line, alkylbenzene oil 
does not remain in the accumulator 8. As can be seen 
from the drawing, as the dryness Xr approaches one, 
the mass ratio a must be made as small as possible. 
However, the liquid return hole 8a is formed in the ac- 
cumulator 8. So long as a liquid level is formed in the 
accumulator 8, the value of Xr assumes a value of 98% 
or less. In this case, so long as the oil separator 9 
achieves a<0.01%, alkylbenzene oil does not remain in 
the accumulator 8. 

[0404] The oil separator 9 has already been described 
by reference to FIGS. 5 and 6. In the regions of the re- 
frigeration cycle where gas and a liquid coexist (herein- 
after referred to as "gas-liquid coexisting regions"), the 
accumulator 8 has the lowest temperature and the high- 
est dryness, and hence alkylbenzene oil does not re- 
main in any other gas-liquid coexisting regions. 
[0405] As mentioned above, even when alkylbenzene 
oil is used, the refrigeration oil stored in the compressor 
1 is not depleted, thus ensuring satisfactory lubrication 
of the compressor 1 . 

[0406] In the first and second connecting pipes CC 
and DD used with the air conditioner using old refriger- 
ant CFC or HCFC and in the indoor unit BB, a mineral 
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oil serving as refrigeration oil of the air conditioner using 
CFC or HCFC, or CFC/HCFC, or a deteriorated refrig- 
eration oil remains as sludge (all of these substances 
will be hereinafter generically referred to as "residual ex- 

5 traneous matter"). 

[0407] In the present invention, after replacement of 
the heat source unit AA and additional charging of new 
HFC refrigerant into the air conditioner, the air condition- 
er starts a normal air-conditioning operation. According- 

io ly, the residual extraneous matter enters the heat source 
unit AA. In the case of ester oil or ether oil, if residual 
extraneous matter enters the heat source unit AA, the 
mutual solubility with HFC refrigerant is lost or deterio- 
rated. Alkylbenzene oil originally has very low mutual 

is solubility with respect to HFC, and the density of alkyl- 
benzene oil is lower than that of liquid refrigerant. Even 
when the residual extraneous matter, particularly a re- 
sidual mineral oil, is mixed into alkylbenzene oil, no sub- 
stantial change arises in the properties of alkylbenzene 

20 oil. The refrigeration oil stored in Ihe compressor 1 is not 
depleted, thus ensuring satisfactory lubrication. 
[0408] Further, an alkylbenzene oil is more stable 
than a mineral oil even with respect to the residual ex- 
traneous matter, particularly chlorine compounds. 

25 Therefore, there is no generation of sludge, which would 
otherwise be caused by deterioration of alkylbenzene 
oil, and there is little chance of sludge clogging a refrig- 
erant circuit component. Particularly, in the case of re- 
use of the indoor unit BB, complete removal of the re- 

30 sidual extraneous matter cannot be achieved by means 
of cleaning. Therefore, use of refrigeration oil which 
does not have mutual solubility to HFC refrigerant or has 
very low mutual solubility is effective for reuse of the in- 
door unit BB. 

35 [0409] A value resulting from division of the maximum 
amount of fluid retained by the accumulator 8 by the 
amount of fluid returned from the accumulator 8 is set 
to exceed a value resulting from division of the amount 
of refrigeration oil retained by the compressor 1 by the 

40 rate at which the compressor 1 discharges refrigeration 
oil. If the refrigeration oil floats on the liquid relrigerant 
stored in the accumulator 8, no fluid flows into the ac- 
cumulator 8 (i.e., the accumulator 8 is in an overheating 
state) after the fluid stored in the accumulator 8 has at- 

45 tained the maximum level. When the liquid refrigerant 
has been removed by means of the fluid return function 
of the accumulator 8, the refrigeration oil stored in the 
compressor 1 becomes depleted. 
[0410] However, in the present invention, the refriger- 

50 ation oil is dissolved in the liquid refrigerant stored in the 
accumulator 8 without floating, and hence the refriger- 
ation oil returns to the compressor 1 together with the 
liquid refrigerant; thereby preventing depletion of the re- 
frigeration oil in the compressor 1 . Even when residual 

55 extraneous matter, particularly a residual mineral oil, is 
mixed into the refrigeration oil, no substantial change 
arises in the properties of the refrigeration oil, and hence 
the refrigeration oil stored in the compressor 1 is not de- 
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pleted, thus ensuring satisfactory lubrication of the com- 
pressor 1 . 

[0411] An alkylbenzene oil is more stable than a min- 
eral oil even with respect to the residual extraneous mat- 
ter, particularly chlorine compounds. Therefore, there is 5 
no generation of sludge, which would otherwise be 
caused by deterioration of alkylbenzene oil, and there 
is little chance of sludge clogging a refrigerant circuit 
component. Consequently, reuse of the first and second 
connecting pipes CC and DD and reuse of the indoor io 
unit BB are possible without involvement of a cleaning 
operation. 

[0412] The amount of refrigeration oil circulating 
through the air conditioner is set to be equal to or smaller 
than the amount corresponding to the solubility of liquid is 
refrigerant at the minimum temperature of the air condi- 
tioner, and the mass ratio of refrigeration oil to a liquid 
refrigerant in the gas-liquid coexisting areas of the re- 
frigeration cycle is set to be equal to or lower than the 
solubility of liquid refrigerant. As a result, even in the 20 
case of use of refrigeration oil which has no mutual sol- 
ubility with respect to HFC or has very low mutual solu- 
bility, the refrigeration oil does not remain in the refrig- 
eration cycle. Even when residual extraneous matter, 
particularly a residual mineral oil, is mixed into the re- 25 
frigeration oil, no substantial change arises in the prop- 
erties of the refrigeration oil. Further, use of the oil sep- 
arator enables control of the amount of refrigeration oil 
stored in the liquid refrigerant so as to become equal to 
or lower than the amount corresponding to the solubility 30 
of refrigeration oil to the liquid refrigerant in individual 
sections of the refrigeration cycle. 
[0413] As mentioned above, use of refrigeration oil 
which has no mutual solubility with respect to HFC or 
has very low mutual solubility enables replacement of a 35 
deteriorated air conditioner using old refrigerant CFC or 
HCFC with another air conditioner using new refrigerant 
HFC, with involvement of replacement of the heat 
source unit AA with a new one and without involvement 
of replacement of the first and second connecting pipes 40 
CC and DD and the indoor unit BB. In contrast with the 
conventional first cleaning method, the method of reus- 
ing existing pipes and reusing the indoor unit according 
to the present invention eliminates a necessity of clean- 
ing the air conditioner with a specifically-designed 45 
cleaning solvent (HCFC 141b or HCFC 225) through 
use of cleaning equipment. Therefore, the method com- 
pletely eliminates the possibility of depletion of the 
ozone layer, the use of a flammable and toxic sub- 
stance, a fear of existence of residual cleaning solvent, 50 
and a necessity for recovery of a cleaning solvent. 
[041 4] I n contrast with the conventional second clean- 
ing method, the method of the present invention elimi- 
nates a necessity of operating the air conditioner three 
times repeatedly for cleaning, as well as a necessity of ss 
replacing an HFC refrigerant and HFC refrigeration oil 
with new refrigerant and oil three times. The method of 
the present invention involves use of only the amount of 
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HFC refrigerant and HFC refrigeration oil required for 
one air conditioner, thus yielding an advantage in terms 
of cost and environmental cleanliness. Further, the 
method completely eliminates a necessity of managing 
refrigeration oil for replacement purpose and the chance 
of excess or insufficient refrigeration oil. Further, there 
is no chance of the HFC refrigeration oil being incom- 
patible with the HFC refrigerant or being deteriorated. 
[0415] The ninth embodiment has described a case 
where alkylbenzene oil is used as a refrigeration oil. 
However, in the case of use of new HFC refrigerant, 
there may be used a refrigeration oil whose principal 
constituent includes at least one substance selected 
from the group consisting of alkylbenzene, a polyal- 
phaolefine, paraffin -based oil, a naphthene-based oil, a 
polyphenylether oil, polyphenythioether, and chlorinat- 
ed paraffin. Even in such a case, there can be yielded 
the same advantage as that yielded when alkylbenzene 
oil is used as a refrigeration oil. The only essential re- 
quirement is selective use of a refrigeration oil which has 
no mutual solubility with respect to new refrigerant or 
has low small mutual solubility. 

[0416] Further, the present embodiment has de- 
scribed an example in which one indoor unit BB is con- 
nected to the air conditioner. Needless to say, the 
present invention yields the same advantage as that 
yielded in the present embodiment even when applied 
to an air conditioner comprising a plurality of indoor units 
BB connected in series or parallel. 
[0417] As is obvious, the same advantage is yielded 
even when a thermal storage ice bath or a thermal stor- 
age water bath (including hot water) is connected in par- 
allel or series with the heat-source-unit-side heat ex- 
changer 3. 

[0418] The same advantage as that yielded by the 
present embodiment is not limited to the air conditioner; 
the same advantage as in the previously-described em- 
bodiment is yielded so long as a thermo-compression 
refrigeration application system comprises a unit incor- 
porating a heat-source-unit-side heat exchanger and 
another unit incorporating a user-side heat exchanger, 
the units being remotely spaced away from each other 

Tenth Embodiment 

[0419] FIG. 25 is a schematic diagram showing a re- 
frigerant circuit of an air conditioner, as an example air 
conditioner (or a refrigeration air conditioner) according 
to a tenth embodiment of the present invention. In FIG. 
25, reference symbols AA to DD, reference numerals 1 
through 9, and reference numerals 8a and 9a are the 
same as those employed in the ninth embodiment, and 
hence repetition of their detailed explanations is omitted 
here. The air conditioner uses, as refrigerant, R407C, 
which is an HFC and corresponds to non-azeotropic 
mixture refrigerant. For example, alkylbenzene 
oil — which has very low mutual solubility with respect to 
R407C and has a density lower than that of liquid refrig- 
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erant — is used as refrigeration oil. 
[0420] In FIG. 25, reference numeral 61 designates a 
sump (a container for storing excessive refrigerant) pro- 
vided between the heat-source-unit-side heat exchang- 
er 3 and the first control valve 4 and is arranged so as 
to cause refrigerant to flow in one direction, regardless 
of whether a cooling operation or a heating operation is 
performed, by means of a selector valve consisting of 
check valves 62a, 62b, 62c, and 62d. Reference numer- 
al 5b designates a second flow rate regulator (i.e., a 
heat-source-unit -side diaphragm) disposed at an outlet 
pipe of the sump 61. 

[0421] Reference numeral 13 designates a liquid 
back flow prevention mechanism (corresponding to liq- 
uid back flow prevention means); and 14 designates 
heating means provided in the compressor 1. 
[0422] The compressor 1 designates a compressor of 
high-pressure shell type. 

[0423] Next will be described procedures for replacing 
a deteriorated air conditioner using a CFC (chlorofluor- 
ocarbon) or HCFC (hydrofluorocarbon) (which are here- 
inafter called "old refrigerant", as required) with a air 
conditioner using a new refrigerant HFC. Old refrigerant 
CFC or HCFC is recovered from the existing air condi- 
tioner, and the heat source unit AA is replaced with a 
new heat source unit AA as shown in FIG. 25. The first 
connecting pipe CC, the second connecting pipe DD, 
and the indoor unit BB used for the air conditioner using 
the old HCFC refrigerant are reused. Since the new heat 
source unit AA has been charged with new refrigerant 
HFC in advance, the air conditioner is evacuated while 
the first control valve 4 and the second control valve 7 
remain closed and while the indoor unit BB, the first con- 
necting pipe CC, and the second connecting pipe DD 
are connected to the air conditioner Subsequently, the 
first control valve 4 and the second control valve 7 are 
opened, and the air conditioner is additionally charged 
with an HFC. The air conditioner performs an ordinary 
cooling operation without involvement of carrying out of 
a cleaning operation. 

[0424] An ordinary air conditioning operation will now 
be described by reference to FIG. 25. Solid arrows in 
the drawing depict the flow of a refrigerant during a cool- 
ing operation of the air conditioner, and broken arrows 
depict the flow of a refrigerant during a heating opera- 
tion. 

[0425] First will be described the flow ol a refrigerant 
during a cooling operation. The refrigerant is com- 
pressed by the compressor 1 to become a hot, high-tem- 
perature gas; is discharged from the compressor 1 to- 
gether with alkylbenzene oil; and enters the oil separator 
9. In the oil separator 9, the alkylbenzene oil is separat- 
ed from the gaseous refrigerant, and the gaseous refrig- 
erant containing a trace amount of alkylbenzene oil 
flows, via the four-way valve 2, into the heat-source- 
unit-side heat exchanger 3, where the gaseous refriger- 
ant exchanges heat with a heat source medium, such 
as water or air, and is condensed. The thus-condensed 


refrigerant flows into the first connecting pipe CC, via 
the check valve 62b, the sump 61, the second flow rate 
regulator 5b in substantially fully-opened state, the 
check valve 62d, and the first control valve 4. Subse- 

5 quently, the liquid refrigerant flows into the first flow rate 
regulator 5, where the liquid refrigerant is decom- 
pressed to a low pressure so as to assume a low-pres- 
sure, two-phase state. The refrigerant then exchanges 
heat with a user-side medium, such as air, in the user- 

10 side heat exchanger 6 and evaporates. The thus-evap- 
orated refrigerant flows into the second connecting pipe 
DD and then returns to the compressor 1 via the second 
control valve 7, the four-way valve 2, and the accumu- 
lator 8. 

75 [0426] Meanwhile, the alkylbenzene oil which has 
been separated from the gaseous refrigerant by the oil 
separator 9 returns to the compressor 1 via the bypass 
channel 9a. 

[0427] Next will be described the flow of a refrigerant 

20 during a healing operation of the air conditioner. The re- 
frigerant is compressed by the compressor 1 to become 
a hot, high-pressure gas; is discharged from the com- 
pressor 1 together with alkylbenzene oil; and enters the 
oil separator 9, where the alkylbenzene oil is separated 

25 from the gaseous refrigerant. A trace amount of alkyl- 
benzene oil and the gaseous refrigerant flow into the 
second connecting pipe DD via the four-way valve 2 and 
the second control valve 7. The gaseous refrigerant 
flows into the user-side heat exchanger 6, where the liq- 

30 uid refrigerant exchanges heat with a user-side medium , 
such as air, and evaporates. The thus-evaporated re- 
frigerant flows into the first flow rate regulator 5, where 
the refrigerant is slightly decompressed. The thus-de- 
compressed refrigerant flows into the first connecting 

35 pipe CC. Subsequently, the refrigerant flows via the first 
control valve 4, the check valve 62c, and the sump 61 
into second flow rate regulator 5b, where the refrigerant 
is decompressed to a low-pressure two-phase state and 
flows into the heat-source-unit-side heat exchanger 3. 

40 in the heat-source-unit-side heat exchanger 3, the re- 
frigerant exchanges heat with heat source medium, 
such as air or water, evaporates. The thus-evaporated 
refrigerant returns to the compressor 1 via the four-way 
valve 2 and the accumulator 8. 

45 [0428] Meanwhile, the alkylbenzene oil which has 
been separated from the gaseous refrigerant by the oil 
separator 9 returns to the compressor 1 via the bypass 
channel 9a. 

[0429] Since the behavior of alkylbenzene oil in the 
50 refrigeration cycle and the oil separator 9 is the same 
as that described in connection with the ninth embodi- 
ment, repetition of explanation is omitted here. 
[0430] The behavior of alkylbenzene oil in and around 
the oil separator 9 at a low ambient temperature will now 
55 be described. In the case of a low ambient temperature, 
the outlet pipe or the oil separator 9 still remains cold 
during, particularly, a certain period of time after the 
compressor 1 has been started up. Some of gaseous 
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refrigerant discharged from the compressor 1 is cooled 
by the outlet pipe or the oil separator 9 and is con- 
densed. In the oil separator 9. the liquid refrigerant and 
alkylbenzene oil are mixed together. However, alkylben- 
zene oil exists in an appropriately large amount, and s 
hence the liquid refrigerant and alkylbenzene oil do not 
dissolve into each other but remain separated from each 
other. If the liquid return capacity of the bypass channel 
9a is set to be sufficient for returning the alkylbenzene 
oil, the liquid refrigerant and alkylbenzene oil coexist 10 
while the alkylbenzene oil is floating on the liquid refrig- 
erant in the oil separator 9. Only the liquid solvent is sup- 
plied to the bypass channel 9a extending from the bot- 
tom of the oil separator 9, so that alkylbenzene oil does 
not return to the compressor 1 for a while. If the liquid ?s 
return capacity of the bypass channel 9a is large (suffi- 
cient for returning alkylbenzene oil together with another 
substance), neither the liquid refrigerant nor an alkyl- 
benzene oil remains in the oil separator 9. Liquid refrig- 
erant resulting from condensation of some of dis- 20 
charged gas returns to the compressor 1 at one time, 
thus increasing the amount of liquid refrigerant to be re- 
turned. Accordingly, there is a large possibility of the 
compressor 1 being susceptible to compression of a liq- 
uid or seizing of a bearing. 25 
[0431] The present invention can avoid occurrence of 
such a phenomenon by means of the liquid back flow 
prevention mechanism 13 provided in the oil separator 
9. For example, the liquid back flow prevention mecha- 
nism 13 corresponds to an electric heater disposed so 30 
as to surround the shell of the oil separator 9. In a case 
where the compressor 1 is in a stationary state or an 
ambient temperature is low, the oil separator 9 is heated 
by application of power by way of a heater provided in 
the liquid back flow prevention mechanism 13, thereby 35 
evaporating the liquid refrigerant in the oil separator 9 
again. As a result, retention of an alkylbenzene oil in the 
oil separator 9 or back flow of liquid refrigerant can be 
prevented, so that the compressor 1 can operate prop- 
erly. 40 
[0432] Cold start of the compressor 1 will next be de- 
scribed. In a case where the refrigerant has entered a 
cold liquid state within the shell of the compressor 1 
while the compressor 1 is in a stationary state, alkylben- 
zene oil and the liquid refrigerant are separated into two 45 
layers. Since the density of alkylbenzene oil is lower 
than that of refrigerant, the alkylbenzene oil floats over 
the liquid refrigerant. Since a fuel oil pump of the com- 
pressor 1 is disposed at the bottom of the shell of the 
compressor 1, the fuel oil pump supplies the liquid re- so 
frigerant to the bearing if the compressor 1 is started in 
its present state, thus seizing up the bearing for reasons 
of a lubrication failure. A crankcase heater is wrapped 
around the outer periphery of the shell (corresponding 
to a refrigeration oil reservoir) of the compressor 1 , or a ss 
heater is inserted into the shell of the compressor 1 . Al- 
ternatively, the heating means 14, which is energized to 
such an extent that a motor does not cause rotation (if 
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a three-phase power supply is employed, a single- 
phase current is applied to the heating means 14), is 
provided in the compressor 1. Therefore, occurrence of 
a lubrication failure can be prevented. More specifically, 
if power remains on, the heating means 14 is continu- 
ously heated while the compressor 1 is in a stationary 
state, thus heating the inside of the shell and preventing 
the refrigerant from entering a cold liquid state. If the 
power is shut off, the compressor 1 is inevitably heated 
by use of the heating means 1 4 for a predetermined pe- 
riod of time before starting of the compressor 1 , thereby 
evaporating the liquid refrigerant. Therefore, the refrig- 
erant is prevented from entering a cold liquid state at the 
time of startup of the compressor 1 . Therefore, even 
when there is used refrigeration oil having no mutual sol- 
ubility with respect to HFC refrigerant or very low mutual 
solubility, as is the case with alkylbenzene oil, there can 
be prevented occurrence of a lubrication failure, which 
would otherwise be caused when the compressor 1 is 
subjected to cold start. 

[0433] The refrigerant can be prevented from entering 
a cold liquid state in the compressor 1 , by use of a non- 
azeotropic mixture refrigerant as well as refrigeration oil 
having no mutual solubility with respect to HFC refriger- 
ant or very low mutual solubility. Since the refrigeration 
oil has no mutual solubility with respect to HFC refriger- 
ant or very low mutual solubility, no increase arises in 
the liquid refrigerant to be dissolved into the refrigeration 
oil even when the compressor 1 is cooled by the sur- 
rounding refrigeration cycle. Consequently, a drop aris- 
ing in the interior pressure of the shell of the compressor 
1 is small. Further, in a case where the refrigerant cor- 
responds to a non-azeotropic mixture refrigerant, the 
compressor 1 is cooled by a surrounding refrigeration 
cycle, whereupon the gaseous refrigerant is temporarily 
cooled. At this time, a high-fusing-potnt component of 
the gaseous refrigerant stored in the shell of the com- 
pressor 1 is condensed, and the proportion of a low-f us- 
ing-point component contained in the gaseous refriger- 
ant is increased, thereby resulting in an increase in the 
interior pressure of the shell; i.e. saturation pressure at 
the same temperature. As a result, supply of new gas- 
eous refrigerant is suspended, thus preventing an in- 
crease in the amount of refrigerant which enters a cold 
liquid state. 

[0434] Back flow of a liquid to the compressor 1 will 
now be described. In the event of occurrence of back 
flow of a liquid to the compressor 1 , in the case of the 
compressor 1 of low-pressure shell type, there is a large 
chance of refrigeration oil being supplied to an oil res- 
ervoir provided within the compressor 1 while in a liquid 
form. In such a case, the refrigeration oil stored in the 
compressor 1 is separated into two layers; i.e., a layer 
of refrigeration oil and a layer of HFC refrigerant. Since 
a fuel oil pump of the compressor 1 is disposed at the 
bottom of the shell of the compressor 1, the fuel oil pump 
supplies the liquid refrigerant to the bearing if the com- 
pressor 1 is started in its present state, thus seizing up 
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the bearing for reasons of a lubrication failure. In order 
to prevent such a failure, the present invention provides 
the following two means. 

[0435] A compressor of high-pressure shell type is 
employed as the compressor 1 . An oil reservoir of the 5 
refrigeration system is disposed in the atmosphere of 
discharged gas. Even if liquid refrigerant enters the in- 
side of the shell, the liquid refrigerant is heated and 
evaporated. Further, even if the liquid refrigerant returns 
to the compressor 1 , the refrigerant is heated and evap- io 
orated during the course of traveling through a compres- 
sion section. 

[0436] Next, the sump 61 is disposed in front of the 
diaphragm (i.e., the first flow rate regulator 5 or the sec- 
ond flow rate regulator 5b), and hence superfluous re- is 
frigerant which would arise according to an operating 
state of the air conditioner is accumulated in the sump 
61. By means of the diaphragm (i.e., the first flow rate 
regulator 5 or the second flow rate regulator 5b) there 
is performed a control operation so as to bring the exit 20 
of an evaporator (i.e., the user-side heat exchanger 6 
during a cooling operation or the heat-source-unit-side 
heat exchanger 3 during a heating operation) into an 
overheating state, thus preventing constant accumula- 
tion of liquid refrigerant in the accumulator 8. Thus, the 2S 
function of the accumulator 8 can be specialized to a 
transient liquid back flow absorbing function, thereby 
considerably reducing the possibility of back flow of the 
liquid refrigerant to the compressor 1 . 
[0437] As mentioned above, use of refrigeration oil 30 
which has no mutual solubility with respect to new HFC 
refrigerant or has very low mutual solubility enables re- 
placement of a deteriorated air conditioner using old re- 
frigerant CFC or HCFC with another air conditioner us- 
ing new refrigerant HFC, involving replacement of the 35 
heat source unit AA with a new one and without involve- 
ment of replacement of the first and second connecting 
pipes CC and DD and the indoor unit BB. 
[0438] In contrast with the conventional first cleaning 
method, the method of reusing existing pipes and indoor 40 
unit according to the present invention eliminates a ne- 
cessity of cleaning the air conditioner with a specifically- 
designed cleaning solvent (HCFC 141b or HCFC 225) 
through use of specialized cleaning equipment. There- 
fore, the method completely eliminates the possibility of 4 $ 
depletion of the ozone layer, the use of a flammable and 
toxic substance, a fear of existence of residual cleaning 
solvent, and a necessity for recovery of a cleaning sol- 
vent. 

[0439] In contrast with the conventional second clean- so 
ing method, the method of the present invention elimi- 
nates a necessity of operating the air conditioner three 
times repeatedly for cleaning, as well as a necessity of 
replacing an HFC refrigerant and HFC refrigeration oil 
with new refrigerant and oil three times. The method of ss 
the present invention involves use of only the amount of 
HFC refrigerant and HFC refrigeration oil required for 
one air conditioner, thus yielding an advantage in terms 
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of cost and environmental cleanliness. Further, the 
method completely eliminates a necessity of managing 
refrigeration oil for replacement purpose and the chance 
of excess or insufficient refrigeration oil. Further, there 
is no chance of the HFC refrigeration oil being incom- 
patible with the HFC refrigerant or being deteriorated. 
[0440] The tenth embodiment has described a case 
where alkylbenzene oil is used as a refrigeration oil. 
However, in the case of use of new refrigerant HFC, 
there may be used a refrigeration oil whose principal 
constituent includes at least one substance selected 
from the group consisting of alkylbenzene, a polyal- 
phaolefine, paraffin-based oil, a naphthene-based oil, a 
polyphenylether oil, polyphenythioether, and chlorinat- 
ed paraffin. Even in such a case, there can be yielded 
the same advantage as that yielded when alkylbenzene 
oil is used as a refrigeration oil. The only essential re- 
quirement is selective use of a refrigeration oil which has 
no mutual solubility with respect to new refrigerant or 
has very low mutual solubility. 

[0441] Further, the present embodiment has de- 
scribed an example in which one indoor unit BB is con- 
nected to the air conditioner. Needless to say, the 
present invention yields the same advantage as that 
yielded in the embodiment even when applied to an air 
conditioner comprising a plurality of indoor units BB con- 
nected in series or parallel. 

[0442] As is obvious, the same advantage is yielded 
even when a thermal storage ice bath or a thermal stor- 
age water bath (including hot water) is connected in par- 
allel or series with the heat-source-unit-side heat ex- 
changer 3. 

[0443] The same advantage as that yielded by the 
previous embodiment is not limited to the air conditioner; 
the same advantage as in the previously-described em- 
bodiment is yielded so long as a thermo-compression 
refrigeration application system comprises a unit incor- 
porating a heat-source-unit-side heat exchanger and 
another unit incorporating a user-side heat exchanger, 
the units being remotely spaced away from each other. 

Eleventh Embodiment 

[0444] FIG. 26 is a schematic diagram showing a re- 
frigerant circuit of an air conditioner, serving as an ex- 
ample air conditioner (or a refrigeration air conditioner) 
according to an eleventh embodiment of the present in- 
vention. In FIG. 26, reference symbols AA to DD, refer- 
ence numerals 1 through 14, and reference numerals 
8a, 9a, 12a, 12b, 12c, and 12d are the same as those 
employed in the tenth embodiment, and hence repeti- 
tion of their detailed explanations is omitted here. 
[0445] The air conditioner uses as refrigerant R407C, 
which is an HFC and corresponds to non-azeotropic 
mixture refrigerant. For example, alkylbenzene 
oil — which has very low mutual solubility with respect to 
R407C and is lower in density than liquid refrigerant — is 
used as refrigeration oil. 
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[0446] Reference numeral 15 designates a fluid re- 
frigerant injection circuit interconnecting a downstream 
position on the outlet pipe of the oil separator 9 and the 
bypass circuit 9a of the oil separator 9; 1 6 designates a 
cooler placed in an intermediate position in the fluid in- 
jection circuit 15; and 17 designates extraneous-matter 
trapping means inserted at an intermediate position in 
the bypass channel 9a. The extraneous-matter trapping 
means 17 is connected to a junction where the bypass 
channel 9a and the fluid injection circuit 15 meet or a 
position downstream of the junction. 
[0447] The refrigeration oil included in the refrigerant 
is separated by the oil separator 9, and the thus-sepa- 
rated refrigeration oil flows into the bypass channel 9a. 
Some of the refrigerant which has passed through the 
oil separator 9 is split into the fluid refrigerant injection 
circuit 16, where the refrigerant is cooled and con- 
densed by the cooler 16. The thus-condensed refriger- 
ant merges with the refrigeration oil flowing through the 
bypass channel 9a, and the thus-merged stream enters 
the extraneous-matter trapping means 1 7. As will be de- 
scribed later, a sintered metal filter having fine pores of, 
for example, 5 micrometers, is housed in the extrane- 
ous-matter trapping means 17. The refrigerant and re- 
frigeration oil from which extraneous matter has been 
separated and trapped by the extraneous-matter trap- 
ping means 1 7 merge with the main stream of refrigerant 
at a downstream position, and the thus-merged stream 
returns to the compressor 1 . 

[0448] Since the main stream of refrigerant contains 
the extraneous matter removed from the first and sec- 
ond connecting pipes CC and DD and the extraneous 
matter removed from the user-side heat exchanger 6, 
the HFC refrigeration oil is mixed with the extraneous 
matter. However, in the present embodiment alkylben- 
zene oil is used as an HFC refrigeration oil, and hence 
base refrigeration oil is stable with respect to residual 
extraneous matter and poses no problem. 
. [0449] An additive, such as an extreme-pressure 
agent, an oxygen trapping agent, or an oxidation inhib- 
itor, may be added to alkylbenzene oil. In such a case, 
the residual extraneous matter deteriorates the additive, 
thus generating sludge. Generation of sludge is attrib- 
utable to chemical reaction and does not proceed 
abruptly. 

[0450] The sludge component dissolves into the re- 
frigeration oil well but does not dissolve into the HFC 
refrigerant. 

[0451] The higher the temperature of the refrigeration 
oil, the higher the solubility of sludge component to the 
refrigeration oil. More specifically, the sludge compo- 
nent is dissolved in the refrigeration oil in a state in which 
the interior temperature of the compressor 1 is high and 
the proportion of HFC liquid refrigerant is low. 
[0452] The sludge component is discharged from the 
compressor 1 together with the refrigeration oil. In the 
oil separator 9, the sludge component is substantially 
completely separated from the gaseous refrigerant to- 


gether with the refrigeration oil, and the thus-separated 
sludge component flows into the bypass channel 9a. 
The refrigerant, which has been condensed by the cool- 
er 16 provided at a position in the fluid injection circuit 

5 16, is injected to the refrigeration oil, thereby increasing 
the proportion of liquid refrigerant. Therefore, the sludge 
component dissolved in the refrigeration oil hardly dis- 
solves into the liquid refrigerant and precipitates. The 
thus-precipitated sludge is trapped by the extraneous- 

io matter trapping means 17, thereby decreasing the 
sludge content of the refrigeration oil and preventing 
clogging of the refrigerant circuit, which would otherwise 
be caused by adhesion of sludge to refrigerant circuit 
components. 

is [0453] An example structure of the extraneous-matter 
trapping means 17 has already been described by ref- 
erence to FIG. 9. An outlet pipe 55 of such an extrane- 
ous-matter trapping means 17 is connected in FIG. 26 
to the refrigerant circuit returning from the accumulator 

20 8 to the compressor 1 , and the inlet pipe 52 of the same 
is connected to a downstream position relative to a junc- 
tion where the fluid injection circuit 15 and the bypass 
channel 9a meet. 

[0454] The sludge component, which has flowed into 
2S the bypass channel 9a while being dissolved in the re- 
frigeration oil, is mixed with the liquid refrigerant charged 
by the fluid refrigerant injection circuit 1 5, thus becoming 
supersaturated and precipitated. The sludge flows into 
the extraneous-matter trapping means 17 from the inlet 
30 pipe 52 and passes through the minute pores 52a of the 
inlet pipe 52. When the sludge comes into contact with 
the filter 53, adhesion of the sludge to the filter 53 is 
accelerated, and the sludge adheres to the side or lower 
surface of the filter 53 or is deposited and trapped. Fur- 
35 ther, the refrigerant and refrigeration oil flow out from 
the outlet pipe 55. 

[0455] Of the extraneous matter, the component, 
which dissolves into the old refrigerant CFC or HCFC 
but does not dissolve into new refrigerant HFC, is 

40 trapped by the extraneous-matter trapping means 1 7, 
as in the case of the sludge component. 
[0456] As mentioned above, replacement of a deteri- 
orated air conditioner using old refrigerant CFC or 
HCFC with another air conditioner using new refrigerant 

45 HFC can be achieved, by means of using a refrigeration 
oil which has no mutual solubility with respect to new 
HFC refrigerant or has very low mutual solubility; dis- 
posing the oil separator 9 at a position in the outlet pipe 
of the compressor 1 ; providing a circuit for causing all 

so or some of the refrigeration oil to return to the compres- 
sor 1 from the oil separator 9; and by disposing the ex- 
traneous-matter trapping means 17 having minute 
pores formed therein at the junction or a position down- 
stream of the junction, involving replacement of the heat 

55 source unit AA with a new one and without involvement 
of replacement of the first and second connecting pipes 
CC and DD and the indoor unit BB. 
[0457] In contrast with the conventional first cleaning 
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method, the method of reusing existing pipes and indoor 
unit according to the present invention eliminates a. ne- 
cessity of cleaning the air conditioner with a specifically- 
designed cleaning solvent (HCFC 141b or HCFC 225) 
through use of cleaning equipment. Therefore, the 
method completely eliminates the possibility of deple- 
tion of the ozone layer, the use of a flammable and toxic 
substance, a fear of existence of residual cleaning sol- 
vent, and a necessity for recovery of a cleaning solvent. 
[0458] In contrast with the conventional second clean- 
ing method, the method of the present invention elimi- 
nates a necessity of operating the air conditioner three 
times repeatedly for cleaning, as well as a necessity of 
replacing an HFC refrigerant and HFC refrigeration oil 
with new refrigerant and oil three times. The method of 
the present invention involves use of only the amount of 
HFC refrigerant and HFC refrigeration oil required for 
one air conditioner, thus yielding an advantage in terms 
of cost and environmental cleanliness. Further, the 
method completely eliminates a necessity of managing 
refrigeration oil for replacement purpose and the chance 
of excess or insufficient refrigeration oil. Further, there 
is no chance of the HFC refrigeration oil being incom- 
patible with the HFC refrigerant or being deteriorated. 
[0459] The eleventh embodiment has described a 
case where alkylbenzene oil is used as a refrigeration 
oil. However, in the case of use of new refrigerant HFC, 
there may be used a refrigeration oil whose principal 
constituent includes at least one substance selected 
from the group consisting of alkylbenzene, a polyal- 
phaolefine, paraffin-based oil, a naphthene-based oil, a 
polyphenylether oil, polyphenythioether, and chlorinat- 
ed paraffin. Even in such a case, there can be yielded 
the same advantage as that yielded when alkylbenzene 
oil is used as a refrigeration oil. The only essential re- 
quirement is selective use of a refrigeration oil which has 
no mutual solubility with respect to new refrigerant or 
has very low mutual solubility. 

[0460] Further, the present embodiment has de- 
scribed an example in which one indoor unit BB is con- 
nected to the air conditioner. Needless to say, the 
present invention yields the same advantage as that 
yielded in the embodiment even when applied to an air 
conditioner comprising a plurality of indoor units BB con- 
nected in series or parallel. 

[0461] As is obvious, the same advantage is yielded 
even when a thermal storage ice bath or a thermal stor- 
age water bath (including hot water) is connected in par- 
allel or series with the heat-source-unit-side heat ex- 
changer 3. 

[0462] The same advantage as that yielded by the 
previous embodiment is not limited to the air conditioner; 
the same advantage as in the previously-described em- 
bodiment is yielded so long as a thermo-compression 
refrigeration application system comprises a unit incor- 
porating a heat-source-unit-side heat exchanger and 
another unit incorporating a user-side heat exchanger, 
the units being remotely spaced away from each other. 


[0463] The features and the advantages of the 
present invention as exemplified by the ninth and the 
eleventh embodiments may be summarized as follows. 
[0464] According to one aspect of the present inven- 

5 tion, there is employed refrigeration oil which has no mu- 
tual solubility with respect to HFC or has very low mutual 
solubility. The user-side heat exchanger for use with the 
old refrigerant as well as the first and second connecting 
pipes can be reused, thereby embodying an environ- 

10 mentally-friendly, efficient refrigeration system (or refrig- 
eration air conditioner). 

[0465] In another aspect of the present invention, 
there is employed refrigeration oil which has no mutual 
solubility with respect to HFC or has very low mutual 

is solubility. Hence, the user-side heat exchanger for use 
with the old refrigerant as well as the first and second 
connecting pipes can be reused, even in the case of a 
refrigeration system in which a value resulting from di- 
vision of the maximum amount of fluid retained by the 

20 accumulator by the amounl of fluid returned from the ac- 
cumulator is set to exceed a value resulting from division 
of the amount of refrigeration oil retained by the com- 
pressor by the rate at which the compressor discharges 
refrigeration oil, thereby embodying an environmentally- 

25 friendly, efficient refrigeration system. 

[0466] In another aspect of the present invention, 
there is employed refrigeration oil which has no mutual 
solubility with respect to HFC or has very low mutual 
solubility, and a reflux circuit for returning, to the com- 

30 pressor, the refrigeration oil which has been separated 
from the refrigerant by an oil separator disposed at a 
position on a discharge pipe of the compressor, thereby 
enabling reuse of the first and second connecting pipes 
and/or the user-side heat exchanger for use with the old 

35 refrigerant. 

[0467] In another aspect of the present invention, 
there is employed refrigeration oil which has no mutual 
solubility with respect to HFC or has very low mutual 
solubility. Further, the refrigeration system is provided 

40 with an oil separator disposed at a position on the outlet 
pipe of the compressor, a diversion circuit for causing 
some or all of the refrigerant returning from the oil sep- 
arator to the compressor to merge with liquid refrigerant, 
and extraneous-matter trapping means which has 

45 minute pores and is disposed at a junction where the 
refrigeration oil is merged with liquid refrigerant, thereby 
enabling reuse of the first and second connecting pipes 
and/or the user-side heat exchanger for use with the old 
refrigerant. 

so [0468] In another aspect of the present invention, 
there is employed refrigeration oil which has no mutual 
solubility with respect to HFC or has very low mutual 
solubility. Further, the refrigeration system is equipped 
with liquid back flow prevention means for preventing 

55 abrupt reverse flow of liquid refrigerant from the oil sep- 
arator to the compressor, thereby enabling reuse of the 
first and second connecting pipes and/or the user-side 
heat exchanger for use with the old refrigerant. 
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[0469] In another aspect of the present invention, 
there is employed refrigeration oil which has no mutual 
solubility with respect to HFC or has very low mutual 
solubility. Further, the refrigeration system is equipped 
with compressor heating means which prevents liquid 5 
refrigerant from staying in the compressor and which 
heats the liquid refrigerant stored in the compressor to 
evaporate, after the compressor is stopped and energy 
supply is stopped, from the time energy is supplied to 
the compressor until the compressor starts up, thereby io 
enabling reuse of the first and second connecting pipes 
and/or the user-side heat exchanger for use with the old 
refrigerant. 

[0470] In another aspect of the present invention, 
there is employed refrigeration oil which has no mutual is 
solubility with respect to HFC or has very low mutual 
solubility. Further,, a superfluous refrigerant reservoir 
which stores superfluous refrigerant arising according 
to the operating state of the refrigeration system is pro- 
vided at an upstream position relative to the diaphragm, 20 
thereby enabling reuse of the first and second connect- 
ing pipes and/or the user-side heat exchanger for use 
with the old refrigerant. 

[0471] In another aspect of the present invention, 
there is employed refrigeration oil which has no mutual 25 
solubility with respect to HFC or has very low mutual 
solubility. Further, the amount of refrigeration oil circu- 
lating through the refrigerant circuit is set to be equal to 
or smaller than the amount corresponding to the solu- 
bility of liquid refrigerant at the minimum temperature of 30 
the air conditioner, and the mass ratio of refrigeration oil 
to a liquid refrigerant in gas-liquid coexisting regions of 
the refrigeration cycle is set to be equal to or lower than 
the solubility of liquid refrigerant. Consequently, there 
can be reused the first and second connecting pipes 35 
and/or the user-side heat exchanger for use with the old 
refrigerant. 

[0472] In another aspect of the present invention, 
there is employed refrigeration oil which has no mutual 
solubility with respect to HFC or has very low mutual 40 
solubility. Further, a non-azeotropic mixture refrigerant 
is used as HFC refrigerant, thereby enabling reuse of 
the first and second connecting pipes and/or the user- 
side heat exchanger for use with the old refrigerant. 
[0473] In another aspect of the present invention, 45 
there is employed refrigeration oil which has no mutual 
solubility with respect to HFC or has very low mutual 
solubility. Further, the compressor is of high-pressure 
shell type. Consequently, there can be reused the first 
and second connecting pipes and/or the user-side heat so 
exchanger for use with the old refrigerant. 
[0474] According to another aspect of the present in- 
vention, an existing refrigeration system using old refrig- 
erant can be updated to a new refrigeration system us- 
ing HFC refrigerant by means of replacing an existing 55 
heat source unit employed in the existing refrigeration 
system with a heat source unit using refrigeration oil 
which has no mutual solubility with respect to HFC or 
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has very low mutual solubility, and replacing the old re- 
frigerant with HFC refrigerant. 

[0475] Obviously many modifications and variations 
of the present invention are possible in the light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims the invention 
may by practiced otherwise than as specifically de- 
scribed. 

[0476] The entire disclosure of (1) a Japanese Patent 
Application No. 11-140304, filed on May 20, 1999 in- 
cluding specification, claims, drawings and summary, 
(2) a Japanese Patent Application No. 11-303188, filed 
on October 25, 1999 including specification, claims, 
drawings and summary, (3) a Japanese Patent Applica- 
tion No. 11-303189, filed on October 25, 1999 including 
specification, claims, drawings and summary, on which 
the Convention priority of the present application is 
based, are incorporated herein by reference in its en- 
tirety. 


Claims 

1 . A method of operating a refrigeration system which 
replaces an old refrigerant used in a refrigerant cir- 
cuit with a new refrigerant, 

said refrigerant circuit comprising 

a compressor (1 ); 

a heat-source-unit-side heat exchanger (3); 
a user-side heat exchanger (6); 
a first connecting pipe (CC) interconnecting 
one end of said heat-source-unit-side heat ex- 
changer (3) and one end of said user-side heat 
exchanger (6); 

a second connecting pipe (DD) interconnecting 
the other end of said user-side heat exchanger 
(6) and said compressor (1 ), and 
an extraneous-matter trapping apparatus (13) 
for trapping extraneous matter contained in the 
refrigerant inserted in the refrigerant circuit up- 
stream of said compressor (1), 

wherein, after replacement of said old refrig- 
erant, said new refrigerant is caused to flow while 
said compressor (1) is taken as a drive source, 
thereby cleaning said refrigerant circuit. 

2. The method of operating a refrigeration system ac- 
cording to claim 1 , wherein, after replacement of the 
old refrigerant with the new refrigerant, the new re- 
frigerant is caused to flow into said first connecting 
pipe (CC) or said second connecting pipe (DD) 
while said compressor (1) is taken as a drive 
source, such that the new refrigerant flows from an 
upstream, larger-diameter pipe to a downstream, 
smaller-diameter pipe, thereby cleaning said refrig- 
erant circuit. 
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The method of operating a refrigeration system ac- 
cording to claim 1 , wherein, after replacement of the 
old refrigerant with the new refrigerant, the new re- 
frigerant is caused to flow inLo said first connecting 
pipe (CC) and said second connecting pipe (DD), s 
in the sequence given, and then flow into said first 
and second connecting pipes (CCDD), in the re- 
verse sequence, while said compressor (1 ) is taken 
as a drive source, thereby cleaning said refrigerant 
circuit. 10 

The method of operating a refrigeration system ac- 
cording to claim 1 , wherein, after replacement of the 
old refrigerant with the new refrigerant, the new re- 
frigerant is caused to flow at a mass velocity greater is 
than a predetermined value into said first connect- 
ing pipe (CC) and said second connecting pipe 
(DD), while said compressor (1) is taken as a drive 
source,- thereby cleaning said refrigerant circuit. 

20 

A method of replacing an old refrigeration system 
to a new refrigeration system, 

said old refrigeration system using first refrig- 
erant and comprising: 25 

a first heat source unit (AA) including at 
least a compressor (1 ) and a heat -source- 
unit-side heat exchanger (3); 
an indoor unit (BB) including at least a us- 30 
er-side heat exchanger (6) and a flow rate 
regulator; and 

first and second connecting pipes intercon- 
necting said first heat source unit and said 
indoor unit (BB), to thereby constitute a re- 35 
frigerant circuit, 

wherein said new refrigeration system is 
constituted by means of: 
replacing at least said first heat source unit 
with a second heat source unit, 40 

said second heat source unit (AA) using second 
refrigerant and comprising: 

a heat source unit refrigerant circuit includ- 45 
ing at least a heat source refrigerant and a 
heat-source-unit-side heat exchanger (3), 
an oil separation apparatus which is insert- 
ed in said heat source unit refrigerant cir- 
cuit, separates refrigeration oil from the re- so 
frigerant of said heat source unit refrigerant 
circuit, and returns the refrigeration oil to 
said compressor (1), and 
extraneous-matter trapping means for sep- 
arating and trapping extraneous matter 55 
from the refrigeration oil separated by said 
oil separation apparatus, and 


replacing the first refrigerant with the second 
refrigerant. 

6. The method of replacing a refrigeration system ac- 
cording to claim 5, wherein said second heat source 
unit comprises a branch refrigerant circuit which 
causes the refrigerant diverted from the heat source 
unit refrigerant circuit to merge with the refrigeration 
oil separated by said oil separation means and 
which causes the refrigerant and the refrigeration 
oil to flow into said extraneous-matter trapping 
means. 

7. A refrigeration system comprising, at least: 

a compressor (1 ); 

a heat-source-unit-side heat exchanger (3); 

a user-side diaphragm; 

a user-side heat exchanger (6); 

an accumulator; 

a first connecting pipe (CC) for interconnecting 
said heat-source-unit-side-unit heat exchanger 
and said user-side diaphragm; and 
a second connecting pipe (DD) for intercon- 
necting said user-side heat exchanger (6) and 
said compressor (1 ), wherein 
at least said compressor (1) and said heat- 
source-unit-side heat exchanger (3) are re- 
placed with a new compressor (1) and a new 
heat-source-unit-side heat exchanger (3) 
which use HFC refrigerant; 
a refrigerant circuit is constituted by use of at 
least said first and second connecting pipes, as 
well as by use of said user-side heat exchanger 
(6) and said user-side diaphragm; 
refrigerant used in said refrigeration system is 
replaced with HFC refrigerant; and 
a refrigeration oil which has no mutual solubility 
with respect to HFC refrigerant or has very low 
mutual solubility. 

8. The refrigeration system according to claim 7, 
wherein a value resulting from division of the max- 
imum amount of fluid retained by said accumulator 
by the amount of fluid returned from said accumu- 
lator is set to exceed a value resulting from division 
of the amount of refrigeration oil retained by said 
compressor (1 ) by the rate at which said compres- 
sor (1) discharges refrigeration oil. 

9. The refrigeration system according to claim 7, fur- 
ther comprising: 

an oil separator for separating refrigeration oil 
from refrigerant, which is disposed at a down- 
stream position on the refrigerant circuit rela- 
tive to said compressor (1 ); and 
a reflux circuit for returning, to said compressor 


45 



89 EP 1 054 221 A2 

(1), the refrigeration oil which has been sepa- 
rated from the refrigerant by said oil separator. 

10. The refrigeration system according to claim 7, 
wherein there is provided a diversion circuit for dt- 5 
verting some of the refrigerant flowing in a down- 
stream portion of the refrigerant circuit relative to 
said oil separator, for cooling the diverted portion of 
refrigerant, and causing the diverted portion of re- 
frigerant to merge with a flow to the reflux circuit io 
which returns refrigerant from said oil separator to 
said compressor (1), and extraneous-matter trap- 
ping means for trapping extraneous matter con- 
tained in the refrigeration oil and the refrigerant is 
disposed at a junction where the diverted portion of is 
refrigerant merges with the flow to the reflux circuit 
or an upstream position relative to the junction. 
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